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PATHOLOGY OF TOTAL BODY IRRADIATION IN THE MONKEY* 
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Columbus 10, Ohio) 

The structural and functional changes occurring in rhesus monkeys 
following total body irradiation are being studied by a group of in- 
vestigators at the Ohio State University College of Medicine. As a 
preliminary, it was necessary to determine the dose of radiation lethal 
to 50 per cent of the animals within 30 days of exposure (LD 50/30). 
The present paper is limited to a study of the 92 animals dying during 
that initial phase of the work (Table I). 

To minimize extraneous factors that might affect survival of the 
animals, the monkeys were handled only at the time of irradiation. 
Unfortunately, this precluded carrying out any procedures such as 
weighing, blood counts, and bacterial cultures while the animals were 
alive. Under these conditions the LD 50/30 was approximately 550 r.; 
the LD 100/30 was 800 r. (Text-fig. 1). 


MATERIALS AND METHODS 


The experimental animals, rhesus macaques (Macaca mulatta), 
which are native to northern India, were purchased from an animal 
importer. The age of the animals was fixed at 1%4 to 3 years based on 
roentgenograms of the jaws which revealed the presence of unerupted 
teeth.’? In the rhesus monkey puberty begins at about 3 years, but 
reproduction is not regular until the age of 4%4 years.* All animals 
were tuberculin tested, but owing to lack of space it was not always 
possible to isolate all new arrivals. 

The cages measured 2 feet high by 2 feet square and were of heavy 
sheet metal; the front and top only were fenestrated. Two monkeys 
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were kept in each cage; however, it was necessary to have cage mates 
of approximately equal size and temperament to avoid injury and 
malnutrition of the weaker. 

The animal quarters were in an air-conditioned room kept at 72° F.; 
it measured 22 by 15 feet and had a very high ceiling. Large windows 
stretched across one entire wall, providing adequate daylight. 

The monkeys were fed three times daily. At noon they received an 
apple or orange; in the morning and late afternoon they were fed a 
moist mash made by adding water to the dehydrated Okatie Farm 


Taste I 
Irradiation Dosage and Survival Period 


Total no. Animals Animals Animals 
X-ray of surviving surviving surviving 
animals 0-30 days 31-+days 31+days 


° 

° 
23 21 2 8.7 
9 5 4 44.4 
22 9 13 59.0 
2 6 75.0 
I 91.7 


Primate Diet.* This ration is composed of ground wheat, soy bean 
meal, and dry powdered milk to which has been added alfalfa meal, 
sugar, bone meal, calcium carbonate, sodium chloride, viosterol, thia- 
mine, niacin, folic acid, riboflavin, pyridoxine, and calcium pantothe- 
nate. 

The techniques and methods employed in irradiating the monkeys 
were planned and supervised by Dr. Joseph Morton of the Depart- 
ment of Radiology. A 250 kv. Quadrocondex therapy machine was 
used at 15 ma. with a filter of 0.5 mm. copper and 1.0 mm. aluminum. 
Each animal was irradiated separately while being rotated at 1.3 r.p.m. 
1 meter from the x-ray tube. The monkey was in an upright position 
within a cylinder 20 inches long having an inside diameter of 6 inches. 
Masonite plates were fitted into each end of the cylinder to prevent 
undue movement of the monkey during exposure. The exposure rate 
was 23 r./min. 

The wall of the cylinder was of 7 inch thick polyethylene contain- 
ing carbon black and was perforated by holes % inch in diameter. 
These were uniformly distributed as 2 holes per square inch of sur- 


* Okatie Farms, Pritchardville, S.C. 
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face area. The density of the polyethylene was 0.93, but with 40 per 
cent of the wall replaced by holes, the effective density of the cylinder 
was 0.54. A Victoreen r. meter was used before and after each irradia- 
tion to measure the dosage being delivered. The meter was one of a 
paired set calibrated by the Bureau of Standards for use in this proj- 
ect. The dosage in air outside and inside the cylinder was the same 
within the limits of error imposed by the technique of measurement. 
This lack of differential may be due to absorption by the wall of the 
cylinder equaling scatter in the air inside the cylinder. No other object 
that might be a source of scatter was within one meter of the tube. 
Necropsies usually were performed shortly after death of the ani- 
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Text-fig. 1. Mortality curves for the first 32 days following 300 to goo r. total body 
irradiation of the monkey. 


mal. However, in some instances when the monkey died during the 
night the time lapse amounted to several hours. Bacterial cultures 
were routinely taken of the heart’s blood, liver, spleen, kidney, and 
ileac mucosa. Evisceration and inspection of all organs, including 
femoral marrow, brain, spinal cord, and eyes, were carried out. Before 
fixation of the specimens, significant lesions were photographed in 
color. Selected pieces of tissue from all organs were placed in Zenker- 
formol solution for immediate fixation and subsequent microscopic 
examination. All viscera, including the face and base of the skull with 
the middle ear, were placed in 10 per cent formalin for further study 
when needed. 
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Post-IRRADIATION SICKNESS 


All monkeys subjected to 300 to goo r. total body irradiation de- 
veloped anorexia within 24 hours of exposure. In animals receiving 
low doses of radiation (300 to 400 r.) the loss of appetite was transient 
and unaccompanied by other signs of illness. More intense radiation 
(500 to 700 r.) was frequently followed by diarrhea which, in animals 
receiving 800 or 900 r., was severe and watery; however, rarely was 
any blood streaking noted. Vomiting was not observed, although 
thirst, probably largely due to the diarrhea, was a prominent feature. 
Eldred and Trowbridge* noted vomiting in some of their monkeys, but 
this was seen in animals fed shortly before radiation. None of our 
animals was fed less than 4 hours before exposure. 

In animals that survived for 2 to 3 weeks (500 to 700 r.) the fur 
became dull and the coat was no longer smooth. After the second 
week the hair rubbed off against the sides of the cage, leaving large 
areas of denuded skin. In monkeys that survived there was a regrowth 
of hair in the bare areas. Animals receiving this amount of radiation 
frequently manifested an edema of the muzzle area that at necropsy 
was found to accompany an underlying necrotizing gingivitis. 

A day or two before death the monkeys became very listless, often 
sitting in a corner of the cage with head bowed (Fig. 1). Occasionally 
one would be found dead in this position, although more often it lay 
on the bottom of the cage. They died without evidence of convulsions. 


PATHOLOGIC FINDINGS AT NECROPSY 


The pathologic changes found in the animals at the time of death 
are presented by organ systems in the order of decreasing radiosensi- 
tivity. The gross and microscopic changes will be described together. 

The averaged organ weights of 12 normal non-irradiated immature 
monkeys measured in grams were: heart, 11.0; right lung, 12.5; left 
lung, 11.0; spleen, 3.0; liver, 95.0; both adrenal glands, 2.0; each kid- 
ney, 8.5; and the brain, 82.0. These weights were likewise representative 
of those found in the irradiated animals except that the lungs were often 
heavier due to hemorrhage and edema. The spleen and adrenal glands 
also often varied from the normal (Table IT). 


Bone Marrow 


The femoral marrow was always dark red; occasionally it appeared 
translucent, but never was it gray or fatty. This may have been due 
in part to the immaturity of the monkeys. No animal died less than 
6 days after irradiation; those that died on that day had received 
900, 800, and 700 r., respectively. In these there was an almost com- 
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plete absence of normal marrow elements; erythrocytes distended the 

sinuses and gave the marrow its dark red gross appearance. Small 
numbers of mature neutrophils and megakaryocytes were present, but 
immature forms of the erythrocytic and granulocytic series had wholly 
disappeared and were replaced by scattered reticulum cells (Fig. 2). 
In monkeys receiving 500 or 600 r. and dying within 14 days of ex- 
posure the findings were similar. In an animal that died 10 days after 
400 r. irradiation, the marrow did not have the aplastic appearance 
found at higher doses. Although it was less cellular than normal, 
clumps of erythroblasts and normoblasts as well as an occasional 
myeloblast were seen; however, many of these cells showed nuclear 
abnormalities such as vacuolization and pyknosis. Only one of the 
monkeys receiving 300 r. died in less than 30 days. At 18 days after 
irradiation there was evidence of extensive destruction of marrow ele- 
ments; but regeneration, particularly of the erythrocytic series, was 
already present. 

Regeneration after large doses of x-irradiation could be observed 
only in the 700 r. series because all animals receiving 800 or goo r. 
had died within 13 days of exposure; at this time there was no evidence 
of regeneration, although rather large collections of megakaryocytes 
that had escaped destruction were seen occasionally (Fig. 3). Seven- 
teen days after irradiation with 700 r. the marrow contained many 
reticulum cells and islands of erythropoiesis; cells of the granulocytic 
series were rare. Transition stages between reticulum cells and plasma 
cells similar to those described by Liebow, Warren, and DeCoursey® 
for man also were present. At 27 days post-irradiation the marrow 
was very cellular and presented the characteristic appearance of hyper- 
plasia. Although the majority of the cells were erythroblasts and 
normoblasts, some myelocytes could now be recognized. In an animal 
dying 61 days after 500 r. x-irradiation the marrow showed evidence 
of erythropoiesis and myelopoiesis (Fig. 4); however, there was con- 
siderable variation in the rate of recovery between different individuals. 


Spleen 


In animals that died 6 days after exposure to 800 or goo r. the 
splenic capsule was slate gray and finely wrinkled; on section the cut 
surface of the spleen was dark red, follicles and trabeculae could not 
be recognized. Histologically, the normal follicular architecture had 
disappeared; only isolated lymphocytes were still present (Fig. 5). 
Nearly all that remained were the fibrous trabeculae, reticulum cells, 
and dilated sinuses in which the endothelial nuclei were so close to- 
gether they appeared like beads on a string. Foci of fibrinoid necrosis 
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Taste II 
Gross Findings at Necropsy 


Small 
= Skin |Stomach = Colon Li 
Mon- body wt. (gm.) a 2 2 3 
key | Sor | El 
dosage|(days)} Sex |Control = 1.3}Control= 0.87 Remarks 
900 r. 
22 6|F °.77 0.85 + 
18 7|M 1.00 0.50 + 
60 8| F 0.78 0.07 + 
62 8|M 2.32 1.39 
69 8|M 0.99 + 
57 9|M 0.63 0.63 + + 
2 ©.70 0.70 +/+ 
61 9|F 0.81 1.22 + + Hyperemia of pia and arachnd 
63 | 10] F 1.07 0.86 + 
20} 13|M 0.77 0.77 + + 
800 r. 
19 6| F 0.55 0.77 + 
26 6; F 1.25 1.30 + + 
27 6|F 1.04 1.37 +/+/+ Hemorrhage in left adrenal a 
28 6|F 1.63 1.21 + + i+ 
7° 8|M 1.28 0.05 + + Chronic pulmonary tuberculs 
24 9|F 1.11 ©. 89 +/+ 
s| 10|M 0.61 0.51 + +/+ Hemorrhage in both adrenal ¢ 
64| 12| F 0.77 0.61 +/+ +i+ Petechiae in liver 
700 r. 
84 6| F 2.2% 0.89 + Stomach dilated 
21 1.51 0.75 + 
31 7|F 0.89 0.46 Hyperemia of pia and arachni 
16 8|M 1.00 0.88 + + 
33| 9|M 0.04 0.75 + +i+ 
120 F 1.18 1.41 
10] 10|M 0.87 0.93 + + 
29| F 0.46 0.74 + + +it+i+ Blood in gastro-intestinal trad 
73| F 1.55 +/+ + Hemorrhage in bladder 
32 | 12| F 1.23 0.69 + + + +] Dilated common bile duct 
ros | 12| F 1.46 0.67. + +i+ Blood in left pleural space 
70| 12|M 1.97 +/+ + Epicardial petechiae 
56| 12|M 1.67 1.43 + + 
96] 13|F 1.18 + + Sanguineous fluid in abdomen) 
epicardial petechiae H 
88} 13] F 0.81 0.61 + |+ Hemorrhage in pleura, epicatl 
and gallbladder 
03 | 15|M 1.52 0.78 |+)+ + i+ + Ulcer on tongue; epicardial 
petechiae 
134 | 15 | F 1.47 0.84 
126| 15| F 1.03 
66] 15 |M Generalized tuberculosis 
1.75 0.90 + + Epicardial petechiae 
77| 23|M 1.80 +|+ + + Necrosis of cheek 
97 57 | F 1.48 1.48 +/+ 
58 | 332 | F Not eviscerated; generalized 
tuberculosis 
600 r. 
12 9|M 0.62 0.83 
31 13|M 0.42 0.53 + 
34] 13| F 1.54 °.79 + Epicardial petechiae 
0.75 0.88 + +] Epicardial petechiae 


84 
| 180 
| 231 
| 260 


262 


| 333 
| $25 
| 396 


| 

Sur- 

vival 
period 
days) 

1 
167 
; 183 
401 
496 

12 
14 

16 
16 

16 

19 

22 

61 

69 

71 

is 
499 
10} ] 
ar] 
: 33 | 
8 | ] 
156 | | 
196 | | 
324 | 
386 | } 
18 | ] 
37 | I 
41| 
90] 
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Iso | 
190 | NV 
240 | NV 
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TABLE II (continued) 
Smal] 
Oral intes- 
fein mucosa} Skin |Stomach/ tine | Colon Lungs 
organ wt. (gm.) 
F 0.91 0.72 +/+ + Epicardial petechiae 
| 167 | M 1.87 0.53 oo Emaciation 
183 | F 1.27 0.95 Emaciation 
gor | F Not eviscerated; general tuberculosis 
496 | M 2.54 0.27 Sacrificed; fibrous pleuritis 
F 1.2 Petechiae in urinary bladder 
2|M 0.78 + +/+ Hemorrhagic cystitis 
4| F 1.13 0.904 + +/+ +/+ Subpleural hemorrhage 
16| F 0.57 1.15 + + a 
16} F 1.10 55 + a Edema of face 
16| M 0.94 0.37 + 
19| M 1.48 0.99 + + Conjunctival hemorrhage 
F 2.10 +i+i+ Edema of face 
29| F 1.86 0.83 + + 
6: | F I.19 + 
| 69|M 1.33 0.57 + Fibrous pleuritis 
M 2.01 0.81 Pulmonary tuberculosis 
| & | F 1.25 oh 
drenal al & | M 1.33 0.63 + 4 + +) Epicardial hemorrhage 
| 180 | M 0.07 0.92 + 
| 431 | M 1.76 0.28 Sacrificed 
160 | M Generalized tuberculosis 
|262| F Not eviscerated; generalized 
| tuberculosis 
| 323 | M 1.84 0.26 Sacrificed 
|325 | F 2.92 0.50 Sacrificed 
| 396] F 1.45 0.12 Sacrificed 
| 499 | F 0.97 0.22 Sacrificed 
M 1.39 0.84 +) +/+ 
er | a| F 1.60 0.24 + 
dut 0.84 0.09 Gangrene of face 
space 2.04 0.92 Emaciation 
|156| F 1.31 0.91 Pulmonary tuberculosis 
| F 1.92 
1.78 0.32 Sacrificed; fibrous pleuritis 
vd | 386 | M 1.25 0.14 Sacrificed 
| 
| 18) F 1.14 0.49 + Ulceration of skin 
| 37 | F 1.33 0.96 
F 1.47 0.84 +/+ Petechiae in bladder 
losis M Generalized tuberculosis 
Io | M 1.62 0.97 Generalized tuberculosis 
31 | M 2.18 1.06 Generalized tuberculosis 
0 | F Not eviscerated; generalized 
eralized tuberculosis 
19 | M Not eviscerated; generalized 
tuberculosis 
40 | M 1.14 0.28 Sacrificed 
311] M 1.52 0.19 Sacrificed 
316 | M Sacrificed; not eviscerated; 
generalized tuberculosis 
330 | F Sacrificed; not eviscerated; 
generalized tuberculosis 
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occasionally occupied the site of a former germinal center as indicated 
by the position of an arteriole. 

In all animals dying within 10 days of irradiation, even if only 400 r. 
had been administered, the same widespread destruction of lympho- 
cytes was apparent. Erythrocytes often flooded the pulp and distended 
the sinusoids; in several instances a ring-shaped hemorrhage was pres- 
ent surrounding the area formerly occupied by the germinal center 
(Fig. 6). The spleen of a monkey dying 18 days after 300 r. showed 
changes similar to those obtained with higher doses, although scattered 
lymphocytes remained. 

Recovery was slow, usually initiated by the appearance of plasma 
(plasmacytoid) cells and proliferation of reticulum cells. Even 61 
days after 500 r., repopulation of the follicle areas was just beginning. 
Monocytes in the sinusoids often contained hemosiderin. Well defined 
follicles were not present 84 days post-irradiation, and after 180 days 
were just beginning to appear, although lymphocytes now outnumbered 
plasma cells. Many of the lymphocytes had large and irregular nuclei. 

During the next 80 days recovery continued slowly, and in animals 
surviving over 300 days there was almost complete restitution (Fig. 7). 
Subsequently, this went on to frank follicular hyperplasia that could 
be recognized grossly (Fig. 8); the hyperplasia was still manifest in a 
monkey sacrificed 499 days after irradiation. 

There was little correlation between the weight of the spleen and 
the histologic findings. In many instances the spleen weighed more in 
animals dying within 1 to 2 weeks of irradiation than it did in others 
that had survived for many months after exposure (Table II). In 
irradiated rats and mice the splenic weight usually falls during the first 
week but is restored close to normal by the end of the second week.** 


Lymph Nodes 


The changes in the lymph nodes paralleled those found in the spleen. 
The nodes were gray-brown and seldom measured more than 6 mm. in 
diameter. Most of those examined lay along the aorta or within the 
mesentery. Six days after goo r. only isolated lymphocytes remained 
scattered throughout the cortex. The greatly dilated sinuses contained 
large numbers of monocytes; within the cytoplasm of the latter there 
were often several erythrocytes (Fig. 9). Fibrin and monocytes often 
nearly filled the peripheral sinus (Fig. 10). After 12 days the plasma 
cells, which had previously been isolated, appeared in large foci, par- 
ticularly in the areas of the cortex formerly occupied by lymphoid fol- 
licles (Fig. 11). The nuclei of the plasma cells were often large and 
hyperchromatic (Fig. 12). 
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The first animals to die after receiving 400 and 300 r. died in 10 
and 18 days, respectively. The changes in the lymph nodes were similar 
to those observed after higher doses except for the presence of a few 
scattered lymphocytes in the nodes of the animal exposed to 300 r. 

Recovery apparently began with the appearance of plasma cells 
which, 17 days after 700 r., had diffusely infiltrated the cortex. The 
monocytes still occupied the sinusoids of the medulla and in many 
instances contained hemosiderin—the last trace of the erythrocytes 
phagocytized earlier. After 23 days the number of lymphocytes in the 
. cortex had increased slightly; follicles were not recognizable. 

Similar changes were seen in animals exposed to 500 r.; and because 
many of these survived for long periods, subsequent events within the 
lymph nodes will be followed in them. After 61 days the single out- 
standing cell in the nodes was still the monocyte, which nearly filled 
the sinuses of the medulla; in the cortex only scattered clumped 
lymphocytes and plasma cells were present. The variety of cells, in 
addition to the occurrence of large and bizarre nuclei within many of 
the cells, gave the histologic sections a very pleomorphic appearance, 
which persisted for at least 180 days after irradiation. In the next 80 
days the plasma cells were greatly reduced in number and the cortex 
became densely packed with lymphocytes. Monocytes were still promi- 
nent in the medullary sinuses. In animals surviving over 300 days the 
lymph nodes often reached a diameter of 1.0 cm. and had a nodular 
surface (Fig. 13) which, on section, was found to reflect the presence 
of hyperplastic follicles with large germinal centers (Fig. 14). 


Other Lymphoid Tissue 


The lymphoid tissue throughout the gastro-intestinal tract under- 
went changes similar to those observed in the lymph nodes. The soli- 
tary follicles of the colon were occasionally the seat of hemorrhage 
and necrosis. During the post-recovery period foci of hyperplasia also 
were seen (Fig. 15). The lymph follicles and aggregates in the naso- 
pharynx were similarly affected. The thymus in the normal monkey 
of this age is beginning to undergo involution, but can usually be found 
quite readily. After irradiation, thymic tissue was identified with 
difficulty. 

Gastro-intestinal Tract 

The esophagus was the most radio-resistant portion of the gastro- 
intestinal tract. This may be due in part to the presence of squamous 
rather than glandular epithelium on the surface and the absence of 
lymphoid tissue in the submucosa. The esophagus was often hyperemic, 
but only occasionally was it the site of petechiae or shallow erosions. 
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The gastric mucosa frequently bore multiple, often confluent pete- 
chiae (Fig. 16); this was particularly apparent during the second 
week following irradiation with 700 r. In 2 of these animals there was 
extensive submucosal hemorrhage 8 to 12 days, respectively, after 
exposure. Gastric ulceration was observed only twice; in one monkey 
it occurred 12 days after irradiation with 800 r. and in another 14 
days after exposure to soo r. In the latter animal there was also exten- 
sive hemorrhagic gastritis; the rugae were greatly thickened and the 
mucosal surface covered by gray exudate. 

Microscopically, the gastric mucosa 6 to 8 days after 800 or goo r. 
still contained many plasma cells, as well as very occasional lympho- 
cytes. The lymphoid tissue normally present in the submucosa had 
disappeared. The tubular gastric glands showed very slight distortion 
and no differential effect of radiation on the mucous, pepsin, or acid- 
secreting cells could be detected. The gastric ulcers observed in one 
animal 12 days after 800 r. were superficial, the deepest portions of 
the glands being intact. The “gastritis” observed grossly in another 
monkey 14 days after 500 r. likewise proved to be due to extensive 
superficial necrosis of the gastric mucosa. The fibrinous exudate con- 
tained necrotic epithelium and bacteria but no inflammatory cells. 

The small intestine was singularly free of lesions when examined at 
necropsy. No ulcers were encountered, and in only 6 cases were 
petechiae seen in the mucosa, all occurring in the second or third week 
after exposure to 600 to goo r. (Fig. 17). 

The colon was more often the seat of hemorrhage or ulceration than 
any other part of the gastro-intestinal tract. The cecum and proximal 
portion of the colon appeared to be most vulnerable (Fig. 18), al- 
though the entire colon was usually affected in some measure. The 
incidence of petechiae and ulceration largely coincided, but in the 
lower dose range (300 to 500 r.) petechiae were more common. In all 
but 2 of the 25 cases showing ulceration of the colon, the animals died 
6 to 13 days after irradiation; in the remaining 2, death occurred 17 
and 22 days after exposure. The relation of colonic ulceration to 
amount of irradiation becomes apparent when the percentages of ani- 
mals showing the lesion at necropsy are listed with the doses received: 
900 r., 70%; 800 r., 50%; 700 r., 35%; 6oor., 22%; 500 r., 14%; 
400 r., 12%; 300r., 0%. In addition to petechiae, larger hemorrhages 
were frequent; they were often multiple, within the submucosa, and 
raised the mucosa to form a deep, bluish red, berry-like elevation ap- 
proximately 1 cm. in diameter. Blood was rarely found free in the 
lumen. 
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The ulcers were multiple and ranged from 1 mm. to 2 cm. in diam- 
eter. Ulceration often appeared to begin with necrosis of a solitary 
lymphoid follicle; the immediately adjacent mucosa was hemorrhagic. 
In other cases the ulceration remained very superficial; the deeper por- 
tions of the tubular glands were intact and mitotic figures were often 
seen (Fig. 19). A few cells had large, irregular nuclei and vacuolated 
cytoplasm. The mucosa adjacent to such ulcers was intact except for 
loss of lymphocytes from the stroma; plasma cells and occasional 
eosinophils persisted. The lymphoid tissue normally found in the sub- 
mucosa disappeared within a week of irradiation. Occasionally, weeks 
or even months after exposure, the glands were found to be dilated and 
the epithelial cells greatly flattened, leading to a pseudo-metaplasia 
with cells resembling squamous epithelium (Fig. 20). 

Thrombosis of veins and occasionally of arterioles often was found 
in regions of ulceration. The réle of infarction in producing the ulcers 
is difficult to evaluate; however, large vessels were never affected and 
in most cases thrombosis was quite clearly the result of ulceration and 


not its 
Mouth and Oral Pharynx 


One of the striking post-irradiation lesions found in the monkey was 
necrotizing ulceration of the gingiva which closely resembled that ob- 
served in man.° It was seen in 10 animals exposed to 700 r., in 2 after 
600 r., in one after 500 r., and in one after 400 r. (Table II). The 
survival period of these animals ranged from 11 to 33 days, but 9 of 
the 10 receiving 700 r. died with necrotizing gingivitis 11 to 15 days 
after exposure. The presence of a severe gingivitis often was first mani- 
fested in the living animal by excessive salivation and edema of the 
muzzle. The edema frequently extended to involve most of the face, 
including the eyelids (Fig. 21). Occasionally a noma-like gangrene 
of the cheek was apparent (Fig. 22), and in one instance thrombosis 
of both external maxillary arteries produced a dry gangrene of the 
face (Fig. 23). Living animals were not examined, but on the basis of 
necropsy findings it appeared that the lesion began as hemorrhagic 
ulceration of the free gingival margin about a molar tooth, more often 
in the maxilla than in the mandible. The buccal or labial mucosa was 
secondarily involved in most instances; in 3 cases hemorrhagic necrosis 
was most marked in the lips. 

Histologically, the early lesions were sharply limited shallow ulcers 
with a necrotic base in which bacterial colonization often was appar- 
ent. In the later stages with involvement of the buccal tissues, there 
was widespread, poorly delineated, hemorrhagic necrosis often asso- 
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ciated with tremendous edema of the adjacent tissues (Fig. 24). In- 
flammatory cells were absent from the affected areas in animals dying 
within 10 to 20 days of irradiation. 

Although petechiae were frequently found in the oral pharynx, 
frank ulceration was encountered only once. The lesion occupied the 
region of the left tonsil and measured 1 cm. in diameter. The lymphoid 
tissue of the pharynx, however, uniformly suffered the changes seen in 
the abdominal lymph nodes. 

Dr. D. W. Newman, working in this laboratory, made a careful 
study of the salivary glands and teeth from a representative series of 
the irradiated monkeys.? He examined the sublingual, submaxillary, 
and parotid salivary glands, as well as the buccal and labial accessory 
salivary glands. Although foci of parenchymatous degeneration were 
found, there were no changes that could be attributed directly to the 
effects of irradiation. Burstone,® using P** in mice and staining the 
glands with periodic acid-Schiff reagent, found evidence that, despite 
the absence of morphologic change, the cells elaborated a glycoprotein 
which was in a lower state of polymerization than normal. 

Hemorrhage into the marrow spaces of the mandible occurred in 
varying degrees in the 16 animals examined. No hemorrhage was 
found in the pulps of developing teeth nor in the capsules surrounding 
them. There was no evidence of hypoplasia of enamel or dentin in the 
developing teeth such as was observed in young swine following 2000 
kv. total body x-irradiation by English and Tullis."° No changes were 
detected in the pulps of the erupted teeth, the periodontal membranes, 
or the alveolar bone. 

The lips were rarely the primary site of oral ulceration. Although 
the labial mucosa was frequently involved by extension of the necrotiz- 
ing ulceration of the gingiva, only twice were the lips alone affected. 
Both animals had received soo r.; in one, dying 19 days after exposure, 
there was an encrusted ulcer in the skin of the upper lip as well as a 
hemorrhagic erosion on the mucosal aspect. The second animal died 
29 days after irradiation and bore a shallow hemorrhagic ulcer on the 
mucosal surface of the lower lip. 

The tongue was only twice the seat of post-irradiation ulceration 
and necrosis. One animal died 15 days after exposure to 700 r., the 
other 22 days after 500 r. In each case the ulcer was on the lateral 
border of the tongue (Fig. 25) and was continuous with hemorrhagic 
necrosis involving the floor of the mouth and gingiva. The epithelium 
adjacent to the ulcer showed very pronounced vacuolization and inter- 
cellular edema. Large colonies of bacteria were present in the ulcer 
base, but inflammatory cells were absent. 
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Skin 

Changes in the skin of irradiated monkeys, though occasionally 
quite striking, were seldom contributory to death. Petechiae and epila- 
tion were directly due to x-irradiation. Petechiae first appeared 10 
days after exposure to 500 to 800 r. and were rarely seen in monkeys 
that died more than 16 days following irradiation (Table IT). Minute 
hemorrhages were scattered over the entire body, but were most promi- 
nent in the inguinal and axillary regions and over the abdomen (Fig. 
26). The petechiae occasionally became confluent, but massive hem- 
orrhage was observed in only one animal. This monkey died 13 days 
after receiving a dose of 600 r. and at necropsy a large ecchymosis was 
present on the anterior tibial aspect of one leg. This, however, was 
probably the result of trauma and was associated with hemorrhage into 
the adjacent fascia and muscle. The extensive edema and necrosis of 
the skin and subcutaneous tissue of the face observed in some animals 
were secondary to gingival necrosis and infection. 

Epilation was not prominent until 12 days after irradiation, when it 
became apparent in many animals receiving 500 to 900 r. Thereafter, 
for a period of 2 to 3 weeks, the hair pulled out very easily at necropsy. 
In several instances large bare spots were present on the scalp, the side 
of the trunk, and the flanks where the monkeys had rubbed against 
the cage (Fig. 27). 

Histologically, the changes in the skin were not very remarkable. 
The epithelium of the normal skin of the trunk is usually only 2 or 3 
cells in thickness and devoid of rete pegs. After irradiation, particu- 
larly in animals receiving 600 to goo r., the epithelial cells often showed 
extensive vacuolization in the cytoplasm with some distortion of the 
nucleus (Fig. 28). The connective tissue fibers of the corium were 
often coarse and dense, but whether this change can be attributed to 
irradiation is uncertain. Thrombi were not observed in the superficial 
vessels, although small hemorrhages were seen in the corium. Slight 
hyperkeratosis and plugging of the hair canals were found occasionally. 
At the base of the hair shaft the follicle often showed loss and distor- 
tion of the undifferentiated cells, accompanied by degeneration of the 
trichohyalin-bearing cells of Henle’s and Huxley’s layers (Fig. 29). 


Respiratory Tract 
The ¢rachea was not affected severely by x-irradiation. The pseudo- 
stratified ciliated columnar epithelium was intact and without evidence 
of ulceration or metaplasia. Occasional nuclear abnormalities were 
found but their significance is doubtful. The mucous glands in the 
submucosa were frequently dilated and contained cellular débris and 
mucus. 
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The lungs were often the seat of hemorrhage and edema, particularly 
during the second week following irradiation with 700 and 800 r. 
(Table II). Diffuse hemorrhages, giving the cut surface a firm, some- 
what dry, and dark red appearance, were common. In some instances 
these lesions closely resembled infarcts, but thrombosis of vessels could 
not be demonstrated. Focal areas of induration that were yellow and 
grossly resembled abscesses were seen occasionally, but microscopic 
examination showed that inflammatory cells were absent. 

Histologically, the hemorrhagic regions were found to be made up 
of areas in which the alveoli were packed with erythrocytes, alternat- 
ing with others that contained only edema fluid (Fig. 30). In these 
alveoli moderate numbers of macrophages were present; however, 
neutrophils and lymphocytes were absent. Occasionally the fluid was 
almost replaced by dense fibrin strands, resembling the condition found 
in lobar pneumonia, but minus the neutrophils. The presence of fibrin 
in the alveoli would suggest that the capillary endothelium had under- 
gone great change in permeability. However, this may be attributed 
to the associated infection rather than to direct irradiation effect. In 
some instances the bronchiolar epithelium was destroyed as well as 
some of the mucous glands (Fig. 31). Large colonies of bacteria were 
present among the débris of the necrotic epithelium. Although normal 
lymphoid tissue was absent, groups of plasma cells often were present 
in the walls of the affected bronchi. Similar collections of plasma cells 
were seen also in normal bronchi. In animals that survived 6 weeks or 
longer, neutrophils were prominent in these lesions which then were 
comparable to the necrotizing bronchitis and bronchiolitis seen in un- 
irradiated animals. 

The pleura showed no characteristic lesions. In 2 monkeys that re- 
ceived 700 r. and died 12 and 13 days after exposure, sero-sanguineous 
fluid was present in the left and in both pleural spaces, respectively. 
In an animal which died 14 days after irradiation with 500 r. there 
were extensive subpleural hemorrhages but the pleura itself was intact. 
Many delicate pleural adhesions were encountered in 3 monkeys that 
survived over 60 days. The Gonads 


The sensitivity of the germinal epithelium to irradiation is well 
known. In the testes of these immature monkeys the usual stages of 
sperm maturation were absent and the effect of irradiation was less 
striking than in sexually mature animals. In all males examined the 
testes were still in the inguinal canal, where they normally remain up 
to and during puberty.’ Grossly, the testes appeared normal. Histo- 
logically, the seminiferous tubules had very minute lumina lined by one 
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or two layers of primitive, undifferentiated germ cells. Scattered among 
these were very few spermatogonia having an eosinophilic cytoplasm 
and nuclei that frequently showed irregularity in outline and clumping 
of the chromatin (Fig. 32). The partial loss of spermatogonia and the 
evidence of damage to the nuclei of many that persisted were the only 
changes that could be related definitely to the effect of irradiation. 
They were produced by dosages ranging from 400 to goo r. Similar 
changes have been observed in the testes of prepubertal rats subjected 
to 500 r. total body irradiation.’ 

The ovaries, though also from immature animals, showed the effects 
of irradiation more clearly than did the testes. Grossly, the ovaries 
were not abnormal, but microscopically there was evidence of exten- 
sive injury to ova. Most ova were surrounded by only one or two 
layers of follicle cells. In many instances the latter appeared un- 
changed; however, the ova often were shrunken, the cytoplasm dense 
and polychromatic (Fig. 33). The nuclei of the damaged ova exhibited 
clumping of the chromatin, pyknosis, karyorrhexis, or karyolysis. The 
ovaries of one monkey that died 10 days after exposure to 500 r. 
showed a remarkable change in the follicles. Many were large and 
contained 4 to 8 ova (or blastomeres?). Some of the large germinal 
cells were in intimate contact; others were partly separated by a few 
follicle cells (Fig. 34). The stroma of the ovaries showed no consistent 
change. 

The vagina, uterus, and uterine tubes occasionally bore small sub- 
mucosal hemorrhages; however, the epithelium remained intact. 


Cardiovascular System 


Except for frequent hemorrhages in the capillary bed, changes in 
the heart and blood vessels were not demonstrable. Thrombosis of 
larger vessels, e.g., in the muzzle area, and of arterioles and venules in 
the gastro-intestinal tract, probably were due to secondary infection 
rather than to direct radiation effect. 

Capillary hemorrhages were most common during the second and 
third weeks after irradiation with 400 to goo r. (Table II). At this 
time the platelets in the peripheral blood had begun to drop sharply **; 
the resultant thrombocytopenia was probably a prime factor in the 
hemorrhagic tendency. Tests for the presence of hyperheparinemia 
were not carried out at this time. Epicardial petechiae occurred in 8 
animals (Fig. 35). In 7 monkeys they were found 12 to 17 days after 
exposure to 600 or 700 r., the remaining animal having survived 84 
days after irradiation with 500 r. (Table II). Endocardial hemorrhages 
were seldom seen, even when epicardial petechiae were present. No 
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other gross or microscopic changes were found in the heart except for 
rare pseudocysts of sarcosporidia. These protozoan parasites stained 
normally in histologic sections and appeared unaffected by the irradi- 


Endocrine Glands 


The thyroid and parathyroid glands were without gross or micro- 
scopic changes. The thyroid follicles were well filled with colloid that 
contained few vacuoles; the epithelium was low columnar and without 
papillary proliferation. The pituitary body appeared normal grossly. 
Histologic sections were characterized by good differential staining of 
the three major cell types and the absence of identifiable changes. 

The adrenal medulla was free from hemorrhage or cytologic abnor- 
malities. Occasionally, the cortex bore a few petechiae; twice there 
was a fairly extensive hemorrhage, both animals having been irradi- 
ated with 800 r. and having died 6 and 10 days, respectively, after 
exposure (Table II). In animals that died within 2 to 3 weeks of 
irradiation no consistent weight changes could be detected. However, 
with increasing time lapse between exposure and death there appeared 
to be a definite decrease in weight of the adrenal gland, particularly in 
animals that were sacrificed and were without chronic infection, e.g., 
tuberculosis (Table II). On the cut surface of all adrenal glands the 
cortex appeared gray rather than yellow, indicating loss of lipids. In 
histologic sections the cortical cells appeared less vacuolated than nor- 
mal. This evidence of lipid depletion was present in animals that died 
several days or several months after exposure. The decreased size of 
the adrenal gland in monkeys that had survived for weeks or months 
after 400 to 700 r. was reflected in the narrow cortex. All three layers 
of the cortex were affected, but the atrophic change appeared most 
pronounced in the zona glomerulosa (Fig. 36). 


Urinary Tract 


The kidneys showed no gross evidence of radiation injury. In ani- 
mals dying within 2 to 3 weeks of exposure to 700 to goo r. there were 
histologic changes resembling so-called cloudy swelling or parenchy- 
matous degeneration. Within the glomerular capsule there were often 
granular débris and occasional erythrocytes. The tubular epithelium 
showed slightly increased granularity of the cytoplasm; the lumina 
contained occasional hyaline and granular casts. 

The bladder mucosa was the site of petechiae, particularly during 
the second and third week after irradiation. Rarely, small ulcers were 
present, but a hemorrhagic cystitis was not encountered. 
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Liver and Gallbladder 


The liver was only once the site of grossly visible changes; viz., 
numerous small hemorrhages were seen beneath the capsule and 
throughout the liver parenchyma in a monkey that died 12 days after 
800 r. irradiation. In some instances there was slight edema of the 
peripheral connective tissue, but cellular changes were not striking. 
Fatty dystrophy, such as might occur in chronic tissue anoxia, was not 
encountered. 

The gallbladder was found distended with blood in an animal that 
died 13 days after exposure to 700 r. No other lesions of the gallblad- 
der were seen. Except for one case of a dilated common bile duct in 
which no caleuli or other evidences of obstruction were found, the 
irradiated animals showed no abnormalities of the biliary system. 


Pancreas 


Both the exocrine and endocrine glands of the pancreas failed to 
exhibit any evidence of injury following irradiation. 


Muscles, Bones and Joints 


The skeletal muscles were occasionally the site of hemorrhage 2 to 
3 weeks after irradiation. These could always be attributed to a pre- 
vious trauma. Histologically, the skeletal muscle appeared normal. The 
bones and joints were likewise normal except in a monkey that died 
332 days after exposure to 700 r. This animal had florid disseminated 
tuberculosis with tuberculous tenosynovitis and osteomyelitis in both 
feet. No direct effect of irradiation on bones or joints could be de- 
tected in any of the animals. 


Nervous System 


The peripheral nerves gave no evidence of radiation injury. The 
sympathetic ganglia between the muscular layers of the intestinal tract 
showed occasional cytoplasmic vacuoles and nuclear degeneration; 
however, this was very rare and probably was not a radiation effect. 

The leptomeninges of the brain and spinal cord were often hyper- 
emic, but petechiae were uncommon, Hemorrhage into the brain and 
cord was not observed nor were any other gross changes encountered. 
A detailed histologic examination has not been completed, but a pre- 
liminary survey shows no consistent alterations. Electro-encepha- 
lographic studies on monkeys receiving comparable doses of total body 
irradiation showed no significant changes.* Direct irradiation of the 
brains of monkeys failed to produce recognizable cellular damage until 


| = 
8 ae 
e 


1030 SCHLUMBERGER AND VAZQUEZ 


several thousand roentgens had been administered.*** However, Hicks 
and Montgomery*’ have described necrosis of small subependymal 
cells of the lateral ventricles in young rats within 6 to 12 hours after 
as little as 200 r. total body irradiation. 

The eyes were normal grossly; one animal that died 19 days after 
exposure to 500 r. bore a small conjunctival hemorrhage. A histologic 
study of the eyes of irradiated animals is in progress. 


DISCUSSION 


The functional and structural changes in the monkey following total 
body x-irradiation are strikingly similar to those described in man.*"* 
The LD 50/30 of approximately 550 r. found in this study is midway 
between the figure of 500 r. given by Dowdy”® and the 600 r. of Eldred 
and Trowbridge.* The sensitivity of the monkey to irradiation is less 
than that of the guinea-pig, swine, dog, and goat; greater than that of 
the rat, hamster, and rabbit; and about the same as that of mouse and 
man.”° Because of the known influence of age on radiosensitivity,”* it 
must be emphasized that these were pubertal and prepubertal monkeys. 

A very marked destruction of lymphocytes in the spleen and lymph 
nodes, as well as an aplastic appearance of the marrow, was found 6 
days after irradiation. That these changes occur much earlier is shown 
by the fall of neutrophils and lymphocytes in the peripheral blood of 
monkeys within 6 hours of exposure** and by the destruction of lym- 
phocytes in the lymph nodes of swine 50 minutes after irradiation with 
600 r. at 2000 kv.”* Destruction of blood-forming elements of the 
monkey by radiation has also been produced by the intravenous injec- 
tion of radiostrontium”*; all animals died with a severe anemia. 

The persistence and increase of plasma cells in the lymphoid tissue 
and bone marrow following body irradiation has been described in 
man,” mouse,”* and dog.”*> These cells were also prominent in the hema- 
topoietic tissue of monkeys after exposure to x-rays; their origin from 
the radioresistant reticulum cells has been suggested.5 This view re- 
ceives some support by the finding of intermediate forms between these 
two cell types in collections of plasma (plasmacytoid) cells in the 
irradiated monkey. Their functional significance remains obscure. 

Flooding of the splenic pulp with erythrocytes, as well as erythro- 
phagocytosis by the reticulum cells of the lymph nodes, may account 
for some loss of red blood corpuscles.”® However, this bleeding into the 
lymphatics does not appear to be a major factor in erythrocyte destruc- 
tion in the monkey. 

One interesting finding was the occurrence of pronounced follicular 
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hyperplasia in the spleen and lymph nodes of some monkeys surviving 
over 300 days after irradiation. The well known lymphoma-producing 
effect of irradiation in mice*’ stimulated a careful search for any 
changes identifiable as lymphosarcoma or leukemia, but none were 
found. The single case of monocytic leukemia occurring in the human 
material studied by Liebow et al.° was considered by them to be fortui- 
tous. Nevertheless, the changes in the monkey, which in some measure 
are suggestive of giant follicular lymphoblastoma, warrant a careful 
follow up of animals surviving total body irradiation. The possibility 
of the late occurrence of lymphomas cannot be dismissed entirely. 

The lesions found in the gastro-intestinal tract resembled in severity 
those of the swine, dog, and guinea-pig rather than of the rabbit and 
rat, in which the intestine is less affected.2* The colon was often the 
seat of hemorrhage and ulceration, particularly during the second and 
third weeks after irradiation. Organisms found in blood taken from 
monkeys dying at this time were shown by Dr. Samuel Saslaw to be 
predominantly of the types normally found in the intestinal flora, but 
that are potential pathogens, e.g., streptococcus, staphylococcus, and 
Escherichia coli. 

In view of the reported frequency of petechiae and superficial ulcera- 
tion in the small intestine of the mouse, the virtual absence of these 
lesions in the monkey is noteworthy. However, the small bowel injury 
in the mouse appears within the first 2 days after irradiation and then 
promptly heals.****° No monkey died before 6 days following expo- 
sure. This time lapse may well account for the absence of demonstrable 
lesions in the small intestine of these animals. 

One of the outstanding post-irradiation lesions of man and monkey 
is a necrotizing gingivitis. Although the occurrence of an oral pharyn- 
gitis has been observed in other animals, particularly in swine,” a 
gingivitis comparable to that found in man® has seldom been reported. 
As was described, these lesions in the monkey usually begin at the free 
margin of the gingiva about the molar teeth; the gingiva in this area is 
particularly prone to trauma. This, coupled with the finding by Dr. 
Saslaw that streptococci were present in throat cultures of 80 per cent 
of the monkeys irradiated, may account for the high incidence of 
severe gingivitis in these animals. 

The réle of the adrenal gland in radiation sickness has been studied 
in man*? as well as in rats.*** Among the latter there was a significant 
increase of weight of the adrenal gland, occasionally up to 100 per 
cent, in animals that died within a few days after 650 to goo r. irradia- 
tien.* Such a sharp increase over the normal weight was not found in 
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the monkeys. Nevertheless, the weights of the adrenal glands in ani- 
mals dying 1 to 3 weeks after irradiation were often higher than nor- 
mal, whereas in monkeys dying 2 or more months later the adrenal 
glands were distinctly atrophic. This was associated with a loss of 
lipids and a narrowing of all layers of the cortex. Atrophic changes 
were most marked in the zona glomerulosa, a condition which has been 
described also in man.° 

The mechanism of death within 1 to 3 weeks after irradiation is a 
complex of electrolyte imbalance associated with anorexia, diarrhea, 
and hemorrhage, of endocrine imbalance centering about disturbed 
adrenal cortical function, of lowered resistance to bacterial invasion 
due to impaired cellular and humoral defense mechanisms, and of in- 
creased exposure to infection as a result of injury to the epithelial 
barrier in the mouth and colon. Death that occurred many weeks or 
months after irradiation could usually be attributed to a generalized 
tuberculosis. This disease may have been present in a latent form at 
the time of irradiation, to become disseminated during the period of 


lowered resistance. 
SUMMARY 


To determine the LD 50/30 dose of total body x-irradiation for the 
rhesus monkey, 92 animals were exposed to doses ranging from 300 r. 
to goo r. The LD 50/30 was found to be approximately 550 r. 

The gross and microscopic lesions were strikingly similar to those 
seen in man. The hematopoietic system was affected first, with destruc- 
tion of the blood-forming elements in the marrow and loss of lympho- 
cytes from the lymph nodes and spleen. In animals that survived and 
were sacrificed several months after irradiation there was often a 
marked follicular hyperplasia in the spleen and lymph nodes. 

Hemorrhage occurred most often as petechiae in the skin, lungs, 
epicardium, stomach, and colon. Epilation was noted about 12 days 
after irradiation. 

Degenerative changes in the germinal epithelium of the ovaries and 
testes were observed following doses of 500 to 900 r. Atrophy of the 
adrenal cortex appeared as a late sequel to irradiation. 

The colon was the site of hemorrhage and ulceration; however, 
within a week after irradiation with 800 r., active epithelial prolifera- 
tion was seen in areas adjacent to foci of ulceration and necrosis. 

Necrotic gingivitis and oropharyngitis was found in 14 monkeys 
receiving 400 to 700 r. and surviving 2 to 3 weeks. It closely resembled 
that observed in human casualties and began in the region of the molar 
teeth as a shallow hemorrhagic ulceration. Involvement of the buccal 
mucosa followed and was accompanied by edema which occasionally 


TOTAL BODY IRRADIATION 1033 


i- involved the entire face. A noma-like necrosis of the cheeks may be 
r- the end result. Large ulcers along the lateral border of the tongue were 
al observed in some cases. 
of The kidneys, liver, pancreas, central and peripheral nervous systems, 
es muscles, bones, and joints were without changes directly attributable 
n to irradiation. 
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LEGENDS FOR FIGURES 


1. Appearance of monkey no. 12, 3 hours before death 9 days after irradiation 
with 600 r. 


2. Bone marrow, 6 days after 800 r. The sinusoids are filled with erythrocytes; 
no myeloid cells are present, occasional reticulum cells and plasmacytoids are 
seen. Monkey no. 19. Giemsa’s stain. X 250. 


3. Bone marrow, 13 days after 600 r., showing an area containing many mega- 
karyocytes; elsewhere the marrow resembled that seen in Figure 2. Monkey 
no. 34. Giemsa’s stain. X 250. 


4. Regenerating bone marrow containing immature cells of the erythroid and 
myeloid series 61 days after exposure to 500 r. Monkey no. 41. Giemsa’s stain. 
X 700. 


5. Spleen, 9 days after irradiation with goo r. A very few lymphocytes remain 
about a central hyaline mass, marking the remnants of the germinal center of a 
follicle. The reticulum cells of the pulp are hyperplastic. Monkey no. 2. Hema- 
toxylin and eosin stain. X 100. 
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Fic. 6. Section of spleen from an animal that died 12 days after irradiation with 
800 r. Lymphocytes have largely disappeared; a ring hemorrhage is seen about 
the previous site of a germinal center. Monkey no. 64. Hematoxylin and eosin 
stain. X 80. 


Fic. 7. Regenerated follicles in spleen 496 days after irradiation with 600 r. Mon- 
key no. 9. Hematoxylin and eosin stain. X I50. 


Fic. 8. Surface of spleen showing follicular hyperplasia 325 days after exposure to 
500 r. Monkey no. 42. X 5. 


Fic. 9. Erythrophagocytosis by monocyte in lymph node, 12 days after irradiation 
with 700 r. Monkey no. 32. Hematoxylin and eosin stain. X 800. 


Fic. 10. Large numbers of monocytes in peripheral sinus of a lymph node 8 days 
after g00 r. Monkey no. 60. Hematoxylin and eosin stain. X 200. 


Fic. 11. Loss of lymphocytes and prominence of reticulum cells in lymph node 12 
days after 800 r. The small cells that resemble lymphocytes are plasma cells. 
See Figure 12. Monkey no. 64. Hematoxylin and eosin stain. X 100. 


Fic. 12. Plasma cells in lymph node shown in Figure 11. Monkey no. 64. Hema- 
toxylin and eosin stain. X 700. 
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Fic. 


Fic. 


Fic. 


Fic. 


Fic. 
Fic. 


13. Surface of several lymph nodes showing follicular hyperplasia 325 days 
after exposure to 500 r. Monkey no. 42. X 5. 


14. Restitution of follicles in a lymph node 496 days after irradiation with 
600 r. Monkey no. 9. Hematoxylin and eosin stain. X 150. 


15. Hyperplasia of follicles in a Peyer’s patch in the ileum 324 days after 400 
r. Monkey no. 46. Hematoxylin and eosin stain. X I00. 


16. Petechiae and ecchymoses in gastric mucosa 17 days following irradiation 
with 600 r. Monkey no. 17. X 4. 


17. Petechiae in duodenal mucosa 10 days after 800 r. Monkey no. 5. X 3. 


18. Mucosa of cecum bearing many petechiae. On the surface of one of the 
rugae near the center of the photograph are five small ulcers arranged in 
linear fashion. Monkey no. 5. X 3. 
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.19. Superficial necrosis of colonic mucosa showing preservation of the deepest 
portion of many of the glands. Fibrin thrombi in the small vessels beneath the 
muscularis mucosae. Animal died 9 days after receiving 600 r. irradiation. 
Monkey no. 12. Hematoxylin and eosin stain. X 100. 


.20. Obstruction and dilatation of mucosal glands in the colon 183 days fol- 
lowing exposure to 600 r. Monkey no. 36. Hematoxylin and eosin stain. X 165. 


. 21. Facial edema due to extensive necrotizing gingivitis 17 days after 600 r. 
Monkey no. 38. 


,22. Dissection of animal seen in Figure 21, showing necrotizing gingivitis and 
noma-like moist gangrene of cheek. Monkey no. 38. 


. 23. Dry gangrene of face following bilateral thrombosis of external maxillary 
arteries due to necrotizing gingivitis 33 days after 400 r. Monkey no. 4o. 


. 24. Section of hair shaft and neighboring tissues from lip of animal shown in 
Figures 21 and 22, showing the extreme interstitial edema and distention of 
lymphatics 17 days after exposure to 600 r. Monkey no. 38. Hematoxylin 
and eosin stain. X 100. 


1042 
‘ 
QB 


: 


= 


TOTAL BODY IRRADIATION 


1043 
4 
Xx 


SCHLUMBERGER AND VAZQUEZ 


. 25. Focal necrosis and ulceration along lateral margin of tongue 22 days fol- 
lowing irradiation with 500 r. Monkey no. 101. X 4. 


. 26. Inguinal skin bearing many petechiae 10 days after 800 r. Monkey no. 5. 


.27. Epilation of trunk, flanks, upper arms, and scalp 15 days after irradiation 
with 600 r. Monkey no. 17. 


. 28. Intercellular edema of epidermis and corium 13 days after 600 r. Basal 
epithelial cells show extensive vacuolization of cytoplasm; nuclei exhibit 
chromatin clumping. Monkey no. 3. Hematoxylin and eosin stain. X 650. 


. 29. Distortion of hair follicle with swelling and degeneration of sheath cells 
17 days after 600 r. Monkey no. 17. Hematoxylin and eosin stain. X 650. 


. 30. Focal edema and hemorrhage in lung 17 days after 600 r. Monkey no. 17. 
Hematoxylin and eosin stain. X 100. 
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Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


31. Necrosis of bronchial wall, accumulation of cellular débris; neutrophils 
are absent. Animal received 500 r. 13 days before death. Monkey no. 13. 
Hematoxylin and eosin stain. X 100. 


32. Seminiferous tubules 10 days after 900 r. Spermatogonia have disappeared 
leaving only undifferentiated cells. The minute size of the lumen in the tubules 
is due to immaturity of the animal. A small clump of interstitial cells shows 
little change. Monkey no. 63. Hematoxylin and eosin stain. X 350. 


33. Ova in cortex of ovary showing granularity and shrinking of cytoplasm. 
Most of the nuclei have disappeared from the ova; the surrounding follicular 
cells appear uninjured 9g days after goo r. Monkey no. 61. Hematoxylin and 
eosin stain. X 350. 


34. Multiple ova within single follicles, or blastomeres resulting from parthe- 
nogenic cleavage of ova, 16 days after irradiation with 500 r. Monkey no. 119. 
Hematoxylin and eosin stain. X 150. 


35. Epicardial hemorrhages 17 days after exposure to 600 r. Monkey no. 17. 


36. Atrophy of all layers of the adrenal cortex, most pronounced in the zona 
glomerulosa 396 days after irradiation with 500 r. There is an absence of lipid 
droplets and loss of trabecular pattern in the fascicular layer. Grossly the 
adrenal gland was less than half normal size. Monkey no. 44. Hematoxylin 
and eosin stain. X go. 
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THE CULTIVATION OF EQUINE ABORTION VIRUS IN CAT 
TISSUE IN VITRO * 


Cartes C. Ranpatt, M.D., Dororny Turner, M.A., and E. R. Dott, D.V.M. 
(From the Department of Pathology, Vanderbilt University, Nashville, Tenn., and the 
Department of Animal Pathology, Kentucky Agricultural Experiment Station, 
University of Kentucky, Lexington, Ky.) 

The cultivation of equine abortion virus in fetal horse lung and 
spleen én vitro has been reported by Randall, Ryden, Doll, and Schell. 
The work of Dimock e¢ al., who described and characterized the dis- 
ease, is noted in that publication. Anderson and Goodpasture? pre- 
sented histologic evidence of infection in Syrian hamsters through 
three serial passages. After repeated effort over a 5-year period, 
Doll®* has recently confirmed and extended this work, reporting the 
adaptation of a number of isolates of abortion virus to hamsters of 
different ages. In a recent study,® in which the suspended cell method 
was utilized, tissues from pig, cow, sheep, mouse, cat, hamster, and 
guinea-pig embryos and day-old dog, hamster, rat, and rabbit were 
inoculated with equine abortion virus. In primary passage, intranu- 
clear inclusions were observed in tissues of embryonic cat and hamster, 
and day-old hamster, dog, and rabbit. On serial passage this virus 
could be propagated only in cat and embryonic hamster tissue. In this 
communication the completed studies with cat tissues are reported. 


MATERIAL AND METHODS 


Tissues. Domestic cats of varying stages of gestation were anes- 
thetized with ether and the uterus and contents removed aseptically. 
Early in the study, tissues of day-old cats were utilized and three pas- 
sages were made in their tissues, but because of possible contamination 
with feline panleukopenia virus, these efforts were abandoned; other- 
wise their tissues were as satisfactory as embryonic tissues in all 
respects. Because of previous success in cultivating the virus in lung 
and spleen of the fetal horse, these organs were removed aseptically 
from the cat embryo, minced into fragments 2 to 3 mm. in width, and 
rinsed until clear with Earle’s balanced salt solution. 

Tissue Culture Materials. The nutrient fluid employed consisted of 
75 per cent human ascitic fluid and 25 per cent Earle’s solution. 
Sterility of all materials was controlled by the usual bacteriologic 
techniques. 


* Aided by Grant from Grayson Foundation. 
Received for publication, March 12, 1954. 
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Virus. The infected tissue was obtained from a typical field case of 
virus abortion. Infected lung, rich in inclusion bodies, was frozen and 
ground, diluted 1:2 with physiologic saline solution, and centrifuged 
at 13,500 r.p.m. for 30 minutes at 4° C. The resulting clear, bacterio- 
logically sterile supernatant was stored in ampules at —30° C., and is 
referred to as standard stored virus. 

Techniques of Cell Maintenance. The tissues of choice, spleen and 
lung, were distributed in flasks. For each type of tissue and for each 
serial passage, nine flasks were arranged, three in each series serving 
as controls. All flasks were incubated for 3 to 4 days at 37° C. Twenty 
to thirty pieces of tissue were transferred by a curved pipette to a 
rubber-stoppered 50 ml. Erlenmeyer vessel containing 3 ml. of nutrient 
fluid, pH 7.6 to 7.8. In addition to the routine procedures, a large 
number of flasks containing 75 mg. of lung were prepared for the 14th 
and 15th passage. Initially, the inoculum consisted of 0.1 ml. of a 50 
per cent suspension of standard virus. Subsequent sets of flasks were 
inoculated with passage virus which was prepared by pooling the cul- 
tured tissue and freezing and grinding to a smooth paste. The resulting 
material was mixed with like passage nutrient fluid, adjusting the 
amount so that each serial passage was diluted by a factor of 1:33. 
Between passages the material was stored in ampules at —30° C. Rep- 
resentative pieces of tissue irom both test and control flasks from each 
passage were fixed in Zenker-acetic acid and stained with hematoxylin 
and eosin. 

Experimental Animals. In order to determine the infectivity of the 
15th cat passage virus, mares of 283 and 304 days’ gestation, desig- 
nated mare I and II respectively, were inoculated intravenously with 
10 ml. of tissue culture material containing approximately 187 mg. of 
fetal cat lung. In addition, inoculations were made directly into the 
equine fetus by the method described by Doll.® Each fetus received 
20 ml. of inoculum, representing 374 mg. of lung. Serum was collected 
from each mare before inoculation and subsequently at intervals of 
1 and 2 weeks. All samples were stored in the deep freeze at —18° C. 
until ready for use. 

Complement Fixation Methods. The original complement fixation 
method for equine virus abortion, employing the 50 per cent hemolysis 
end-point technique, was described by Randall, McVickar, and Doll.” 
The procedure requires relatively large amounts of reagents. In the 
present communication the more conventional method was utilized 
because of the smaller amounts of test material required. This modifi- 
cation has been documented in detail* and the methods outlined have 
been rigidly adhered to in this report. 
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EXPERIMENTAL RESULTS 


Propagation of Virus in Serial Passage. The various flask prepara- 
tions maintained for 3 to 4 days showed a change in pH from 7.6 to 
7.0 on the average. No appreciable difference between test and control 
cultures was noted. Lung and spleen from each serial passage were 
harvested in 3 to 4 days (Figs. 1 and 2). In the initial experiment 
eosinophilic intranuclear inclusions were observed in moderate num- 
bers in the lining cells of the bronchi and in cells of the interstitium 
of the lung. Inclusions were noted in each passage; in some they were 
exceptionally abundant, in others they were scarce. Inclusions were 
noted in splenic tissue in each passage in few to moderate numbers. 
They occurred in reticulo-endothelial cells. Inclusions in both tissues 
could not be distinguished from those previously described." Necrosis 
was present in both spleen and lung in some sections, but seemed unre- 
lated to the presence of infection and was noticed in the controls as 
often as in the test preparations. The original virus had been diluted 
1:10” as a result of serial transfer through the 16th passage. 

Infectivity of Tissue Culture Virus. Following inoculation of the 
mares by intravenous and in utero routes with 15th passage material, 
each mare aborted on the 5th day. The abortions were typical of those 
resulting from infections with equine abortion virus, neither mare 
showing symptoms of impending abortion or illness. Fetal tissues were 
fixed in Zenker-acetic acid and stained with hematoxylin and eosin. 

The gross and microscopic lesions, some of which are shown (Figs. 
3 and 4), of the equine fetuses receiving the tissue culture inoculum 
were identical with those occurring in other fetuses (horse) inocu- 
lated with abortion virus obtained from typically infected equine 
fetuses as previously described by Doll.* Similar lesions occur in 
equine fetuses born by abortion as a result of either intravenous 
inoculation or natural infection. The immune status of the mares ap- 
parently provided no deterrent to infection of the fetus by direct inoc- 
ulation because no passive immunity is obtained by the equine fetus 
in utero.®* 

Other experiments were designed to determine the infectivity for 
horse tissue of the virus propagated in tissue cultures. Fetal horse 
lung and spleen maintained by the same flask method as the cat tissue 
were inoculated with the 2nd, 3rd, 13th, and 14th cat passage material, 
incubated for 3 to 4 days, and stained by hematoxylin and eosin. 
Numerous intranuclear inclusions were seen in the lining cells of the 
bronchi, in the interstitial cells of the lung, and in reticulo-endothelial 
cells of the spleen in every case. These same effects were observed in 
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cultures of cat tissue when the infected horse tissue was used as 
inoculum. 

Antibody Response to Inoculation of Tissue Culture Virus. Both 
mares had been given intravenous inoculations of active abortion virus 
from equine fetuses 11 to 12 months prior to inoculation with tissue 
culture virus. Each should have been immune to abortion by intrave- 
nous inoculation.* Following inoculation with cat tissue culture virus, 
complement fixation tests on sera from the mares showed an increase 
of antibody in the case of mare I from a pre-inoculation titer of 1:16 
to 1:64 2 weeks after inoculation. Mare II had a pre-inoculation titer 
of 1:32 and no increase in antibody response could be demonstrated 
after 2 weeks. 

Complement Fixing Activity of Tissue Culture Virus. The cat tissue 
maintained in vitro proved highly anti-complementary. Heating, 
centrifugation, and dilution failed to remove this anti-complementary 
factor. Due to the anti-complementary nature of the antigen, no con- 
clusions could be drawn from the results. 


DISCUSSION 


It has been assumed that the virus of equine abortion is restricted 
in its host range. It is clear, however, that in addition to the horse 
the virus can be propagated in the Syrian hamster and, according to 
the present communication, in cat tissue maintained in vitro. It is odd 
that the virus in the 15th passage failed to infect suckling kittens’ by 
intraperitoneal, intravenous, intrathoracic, and subcutaneous routes. 
Blind serial passage through three litters of day-old kittens failed to 
show any evidence of infection and horse lung and spleen maintained 
in vitro and inoculated with ground kitten tissue failed to develop in- 
clusions. Blind passage of the standard virus through two litters of 
suckling kittens was equally unrewarding. 

The question arises as to a possible relationship of the virus propa- 
gated in cat tissue to feline panleukopenia. Preliminary’ studies 
employing cat and fetal horse tissues maintained in vitro and inocu- 
lated with a known infectious strain of feline panleukopenia virus 
failed to show inclusions in tissue of either type. 


SUMMARY 


Cat lung and spleen maintained in vitro have been shown to support 
the propagation of the virus of equine abortion through sixteen serial 
passages. Characteristic intranuclear inclusions were observed in tis- 
sues from each passage. Cat tissue from the 15th passage, representing 
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a dilution of the original inoculum of 1:107*, caused mares to abort. 
The lesions in the fetuses were characteristic of the disease seen in 


horses. 
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LEGENDS FOR FIGURES 


Fics. 1 and 2. Inoculated fetal cat lung (16th serial passage) maintained for 4 days 
by the flask method, fixed in Zenker-acetic acid, and stained with hematoxylin 
and eosin. Arrows indicate a few of the inclusions (many of which are out of 
focus), occurring in cells of the parenchyma. X 727. 


Fic. 3. Lung of fetal horse, from abortion following inoculation of the 15th serial 
passage of equine abortion virus propagated in cat tissue, fixed in Zenker-acetic 
acid and stained with hematoxylin and eosin. A medium-sized bronchus shows 
ulceration and plugging of the lumen with débris and mononuclear cells. X 150. 


Fic. 4. Pulmonary tissue from the same source as used for Figure 3. A small pro- 
jection of hyperplastic bronchial epithelium contains many inclusions which aré 
characteristic. The intensely basophilic chromatin material is marginated 


around the periphery of the nucleus in an irregular fashion. Oil immersion. 
727. 
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THE VIRAL RANGE IN VITRO OF A MALIGNANT HUMAN 
EPITHELIAL CELL (STRAIN HELA, GEY) 

I. oF SrmmPLEX, PSEUDORABIES, AND 

VACCINIA VIRUSES * 


F. Scuerer, M.D.,t and Jerome T. Syverton, M.D. 
(From the Department of Bacteriology and Immunology, University of Minnesota, 
Minneapolis, Minn.) 

Human epithelial cells derived from an epidermoid carcinoma of the 
cervix (strain HeLa, Gey) have been successfully used for studies in 
vitro with poliomyelitis virus.”* These cells were isolated in culture in 
February, 1951, by Dr. G. O. Gey and coworkers* at Johns Hopkins 
University. In May, 1952, Dr. Gey kindly supplied our laboratory 
with two roller tube cultures containing explants of strain HeLa cells. 
Subsequently, procedures were developed at the University of Minne- 
sota for handling these cells in suspension to permit transfer, enum- 
eration, and the preparation of replicate cultures en masse.2* These 
cultures found ready and efficient application for the isolation and 
typing of field strains of poliomyelitis virus.2* Soon after strain HeLa 
cells were found to support the propagation of poliomyelitis virus, the 
possibility was recognized that they also might support the growth of 
other viruses to result in cellular destruction resembling that from in- 
fection by poliomyelitis virus. Thus, to aid differentiation of viruses 
in cultures of strain HeLa cells, it was important to learn the response 
of the cells to other viruses. 

A series of experimental studies was therefore carried out to learn 
the “viral range” of strain HeLa cells, i.e., the spectrum of viruses 
capable of infecting these cells in vitro. This first paper records the 
findings that resulted from a study of the viruses of herpes simplex, 
pseudorabies, and vaccinia. These three viruses are known for their 
epitheliotrophic properties and for their ability to produce readily 
recognizable inclusion bodies. 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
Presented in part as a preliminary report! before the Society of American Bacteri- 
ologists, San Francisco, August, 1953. 

Received for publication, March 12, 1954. 

The second paper in this series: IJ. Studies with Encephalitis Viruses of the Eastern, 
Western, West Nile, St. Louis, and Japanese B Types, follows in this issue. The third 
article: III, Studies with Pseudolymphocytic Choriomeningitis Virus, will appear in the 
January-February issue, and will be accompanied by a general discussion of the material 
presented in all three papers.—Editor. 

t John and Mary R. Markle Scholar in Medical Science. 
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MATERIALS AND METHODS 


Viruses. The strains of viruses employed for these studies have been described.5:¢ 

The herpes simplex virus® for experiment 2 was contained in supernatant fluid 
harvested from the 18th passage in strain L fibroblasts; the intracerebral infectivity 
titer for mice was 10~*:7 per 0.03 to 0.05 ml. The herpes virus for experiment 3, in 
a § per cent suspension of infected mouse brain, was made up in 5 per cent dextrose 
in glass distilled water; its intracerebral infectivity titer for mice was 10-5-® per 
0.03 to 0.05 ml. 

Pseudorabies virus (Aujesky strain)5 was used as the supernatant fluid from a 
10 per cent mouse brain suspension; the LD59 was 10~*-® for mice intracerebrally, 
0.03 to 0.05 ml. 

The vaccinia virus® in 5 per cent suspension of infected chorioallantoic mem- 
brane had an infectivity titer for rabbits of 10-8-3 per o.2 ml. intradermally. 

The viruses were stored at —70° C. with solid carbon dioxide. 

Assays for Viruses. The methods for quantitative infectivity measurements of 
herpes simplex and pseudorabies viruses in mice and of vaccinia virus in rabbits 
have been described.5* Titrations were performed in cultures of strain HeLa cells 
from 5 to 14 days old. Just before inoculation of virus, the cells in each cultural 
tube were washed to remove residual virus inhibitor or antibody. All liquid was 
removed from each tube, care being exercised not to disturb the cells on the glass. 
Maintenance solution (MS), or balanced salt solution, Hanks’s (H), 0.5 ml., was 
placed in each tube, and the tubes individually tilted to allow the solution to flow 
over the cells and glass wall. The MS or H was removed and the washing repeated. 
After removal of the second wash fluid, 0.4 ml. aliquots of serial tenfold dilutions 
of viral material prepared in a mixture of chicken serum (CHS), 10 per cent, and 
MS, go per cent (CHS-10, MS-go) containing 50 units per ml. of penicillin and 
50 wg. per ml. of streptomycin, were transferred to duplicate cultures. The washing 
procedure was modified as specified for certain experiments by the use of 1.0 ml. 
aliquots of MS or H and by the performance of three washings. 

Strain of Cells. Malignant human epithelial cells, strain HeLa, were employed. 
This cell strain, originally supplied by Dr. G. O. Gey, has been described.1~4 

Methods for Cellular Cultivation. The procedures for cultivation of strain HeLa 
cells have been published.2~* For these studies, cells for stock cultures were grown 
on the dependent walls of square 200 ml. screw cap bottles placed in a horizontal 
position with a nutritive mixture of adult human serum (HAS), 4o per cent, and 
balanced salt solution, Hanks’s (H), 60 per cent, that contained 50 units per ml. of 
penicillin and 50 wg. per ml. of streptomycin. Chicken embryonic extract (EE), 2 
per cent, was included in the mixture whenever it was desired to increase the rate 
of cellular multiplication. The cultures were incubated at 36° C. until cells covered 
most of the glass surface; frequently thereafter the cells were kept at 30° C. To 
prepare cultures in test tubes for viral studies, aliquots of cellular suspension, pre- 
pared from stock cultures, were transferred to tubes with sterile equipment, as 
follows: (a) removal of the liquid from a bottle; (b) addition of 8 ml. of trypsin,* 
0.5 per cent in MS-100, at pH 7.4 to 7.6; (c) incubation of the cells in the trypsin 
solution at 36° C. for 60 to 90 minutes; (d) dispersion of cells in the suspension 
by forceful filling and emptying of a 5 or 10 ml. serologic pipette; (e) transfer of 
the suspension to a round bottom test tube for centrifugation at 1000 r.p.m. for 5 
to ro minutes; (f) removal of the supernatant trypsin solution; (g) resuspension 
of the cells in HAS—40 to 60, EE-2, H-s58 to 38; (h) enumeration of the cells as 
described?-3; (i) further dilution of the suspension with medium to obtain the de- 
sired concentration of cells; and, finally, (j) transfer of aliquots of suspension to 


* Difco Laboratories, Detroit, Michigan, trypsin 1:250. 
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16 by 125 mm. screw cap tubes by employment of a modified Cornwall pipetting 
apparatus. The quantities of cells and medium were set at 30,000 cells per o.5 ml. 
of HAS-6o or 50, EE-2, H-38 or 48 per tube, to make cultures available for virus 
work in from 5 to ro days after preparation, without further addition of medium. 
Incubation of tube cultures was carried out in a stationary position at 36° C. for 
from 4 to 7 days; thereafter, usually at 30° C. Each tube was slanted to permit 
cells to settle on the dependent glass surface of the lower one third to one half of 
the tube. For photography, Porter flasks were inoculated with 60,000 cells, or more, 
per 1.0 ml. of medium to provide cells on a flat glass surface. 

Methods for Viral Cultivation. Virus inhibitors were removed from the cultures 
by washing as described under “Assays for Viruses.” When the interval for virus 
passage at 36° C. was from 5 to 7 days, the quantity of CHS-10, MS—go required 
was 0.5 ml.; for from 7 to 10 days, 1.0 ml.; and for more than 10 days, the old 
medium was replaced by fresh CHS-10, MS-go to prevent degenerative changes 
from malnutrition. A stock of “washed” cultures in CHS—10, MS—go was kept at 
30° C. for use within a period of several days after washing. The inoculum of virus 
was 0.05 ml. for each tube containing o.5 ml. of medium, and o.1 ml. for each tube 
with 1.0 ml. The CHS—10, MS-go contained 50 units per ml. of penicillin and 50 
pg. per ml. of streptomycin. 

Photographic Methods. Unstained cells in Porter flasks were photographed, after 
removal of the liquid medium, on commercial orthochromatic film, 334 by 4% 
inches, by the employment of an American Optical Co. lamp, no. 735, a 16 mm. 
apochromatic objective, and a Micam photomicrograph camera (C. Leitz, Inc.). 

Cells stained with hematoxylin and phloxine after growth on coverglasses, 11 by 
22 mm., in Porter flasks also were photographed. 


EXPERIMENTAL RESULTS 


The experiments with each virus were planned to learn (a) whether 
destruction of strain HeLa cells occurred, and (b) whether virus multi- 
plied. 

Herpes Simplex Virus 

Cytologic Effects of Herpes Simplex Virus. The destructive effects 
of herpes simplex virus for strain HeLa cells became apparent within 
2 days after the inoculation of virus. For photographic purposes a 
passage of virus was performed in Porter flask cultures (experiment 1). 

Experiment 1. The cells and glass surfaces of four Porter flasks were washed 
twice with MS-roo, 1.0 ml., herpes simplex virus, 0.1 ml., from the 16th passage 
of experiment 2 and the medium, CHS-10, MS—go, 1.0 ml. were added to each of 
two flasks; the two control cultures received only medium. The fluid was removed 
from each flask before the cells were photographed; it was replaced after photog- 


raphy when further incubation was desired. Photographs of cells from this experi- 
ment are shown in Figures 1 to 4. 


The destructive effects of herpes simplex virus for strain HeLa cells 
are presented in Figures 1 to 4. The cells in the control, non-infected 
cultures (Fig. 1) were polygonal. Occasional round forms resulted 
from mitosis, crowding of cells, and the slight degree of spontaneous 
degeneration that occurs in all cellular cultures. The nuclei and nucleoli 
were seen distinctly. In contrast to these normal cells, cells 1 day after 
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infection with herpes simplex virus had undergone changes (Fig. 2). 
These cells were now round and gathered in small clumps; distinct 
nucleoli were less evident. Two days after viral inoculation, most of the 
cells were round and reduced in size; large clumps of cells were pres- 
ent; few nucleoli could be seen. Many nuclei were sharply outlined by 
peripheral chromatin material and dead cells were present (Fig. 3). 


Taste I 


Propagation in Vitro of Herpes Simplex Virus in Cultures of Human 
Malignant Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 


Cumulative log jon of 
Number of Total days of dilution of cultural fluid for 
in 


passage culture Mice* HeLa cellst 
4-7 
I 3 1.0 2/2t 
7 19 7.0 2/2 3.0 
8 aI 8.0 2/2 4.8 2.0-3.0 
10§ 26 10.0 2/2 
15 44 15.0 2/2 4.6 
16 46 16.0 2/2 5.4 4.0-5.0 


* The results of mouse titrations in all tables are expressed as the negative log of the 
LD 59/0.05 ml. of diluted cultural liquid. 

+ The results of strain HeLa titrations are given as the negative log of the dilution of 
cultural liquid which, per 0.4 ml., produced a specific viral cytopathogenic effect in a tube 
culture of cells after 4 to 6 days of incubation at 36° C. 

t For each of the tables, the numerator signifies the number of cultures that showed a 
viral cytopathogenic effect. The denominator indicates the number of cultures inoculated 
with virus. 

§ The identity of the virus was established by neutralization of its infectivity for mice 
with specific antibodies. 


The appearance of normal cells in control cultures (Fig. 4) was in 
sharp contrast to that of cells damaged by virus (Fig. 3). 

Distinct foci of degeneration were occasionally seen in cultures of 
strain HeLa within 1 to 3 days after inoculation of small quantities of 
virus (Fig. 5). These areas were considered to be analogous to plaques 
from bacteriophagy. However, since the spread of virus in these cul- 
tures was not delimited by a solid material such as agar, the destructive 
process eventually extended beyond the focal areas to involve the en- 
tire cellular population. 

Multiplication of Herpes Simplex Virus. Two experiments were done 
to learn whether herpes simplex virus from different source materials 
multiplies in cultures of strain HeLa cells. The first experiment em- 
ployed tissue culture virus. 
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Experiment 2. Herpes simplex virus, 0.05 ml., from a culture of strain L cells 
was inoculated into each of two tube cultures of strain HeLa cells made ready for 
viral cultivation by washing and the addition of CHS-10, MS-9o, 0.5 ml. When 
degeneration of cells had occurred, the supernatant liquids from the two tubes were 
pooled, and aliquots, 0.05 ml., were transferred to each of two uninfected cultures 
to effect serial passage of virus. The data from experiment 2 are given in Table I. 


The results of experiment 2 (Table I) show that herpes simplex 
virus multiplied rapidly in cultures of strain HeLa cells. Virus, infec- 
tious for mice and destructive for strain HeLa cells, was present after 
16 serial virus passages, over a period of 46 days. These passages re- 
sulted in a dilution of original virus of 10'*. The infectivity for mice 
of virus from the roth passage was neutralized by specific antibodies. 
It may be noted that the titration values for virus were lower for strain 
HeLa cultures than for mice. These differences in titration end points 
may reflect an incomplete removal of serum viral inhibitors from the 
HeLa cultures even though calculation revealed that the human serum 
in each tube had been diluted, by washing, for the 8th passage titra- 
tion approximately 1:1200, and for the 16th passage measurement, 
approximately 1:96,000. 

Another experiment was effected by using virus from an animal 
source in an attempt to confirm the results of experiment 2. 

Experiment 3. The procedure employed for experiment 3 was identical with that 


for experiment 2 except that herpes simplex virus from infected mouse brains was 
used to start the serial passages. The results of experiment 3 are shown in Table II. 


The data presented in Table II show that herpes simplex virus from 
Tasre II 


Propagation in Vitro of Herpes Simplex Virus in Cultures of Human 
Malignant Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 


Cumulative log Infectivity log of 
of dilution of cultural fluid for 
original 

inoculum Mice HeLa cells* 


5-9 
1.0 2/2 
8.0 2/2 
9.0 2/2 

15.0 2/2 


* The results of strain HeLa titrations are given as the negative log of the dilution of 
cultural liquid, which, per 0.4 ml., produced a specific viral cytopathogenic effect in a 
tube culture of cells after 6 days of incubation at 36° C. 

t The identity of the virus was established by the neutralization of its infectivity for 
mice with specific antibodies. 
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infected mouse brains propagates readily in cultures of strain HeLa. 
Fifteen serial passages were carried out over a 43-day period result- 
ing in a dilution of the original viral inoculum (10*°) that far exceeded 
the LDso (10~°*) of the source mouse brain suspension. Quantitation 
of virus at the eighth and ninth passages revealed titers of 10°, or 
more. 

To learn whether intranuclear inclusions were present in strain 
HeLa cells infected with herpes simplex virus, cells were stained (ex- 
periment 4). 


Experiment 4. The cells and glass surfaces of six Porter flasks with cellular 
growth on coverglasses, 11 by 22 mm., were washed twice with MS—1oo, 0.5 ml. 
The mixture, CHS—10, MS-—go, 0.75 ml., was added to each flask. Herpes simplex 
virus, 0.1 ml., from cultures of strain L fibroblasts was inoculated into four flasks; 
two flasks served as virus-free controls. After 2, 3, and 5 days of incubation at 
36° C., cells were stained with hematoxylin and phloxine. Photographs of stained 
cells are presented in Figures 6 and 7. 


Acidophilic, intranuclear inclusion bodies of type A were found in 
many cells from strain HeLa cultures which had been inoculated with 
herpes simplex virus (Figs. 6 and 7). Large inclusions were seen often 
in multinucleated cells (Fig. 6). 


Pseudorabies Virus 


Two passage series, series A and B, were carried out with strain 
HeLa cells and pseudorabies virus. The descriptive material is limited 
for the most part to series A, experiments 5 to 7. 

Cytologic Effects of Pseudorabies Virus. Destruction of strain HeLa 
cells was seen during the first passage of pseudorabies virus. To permit 
recording of these cytologic changes photographically, experiment 5 
was performed in Porter flasks. 


Experiment 5. The procedure for this experiment was identical with that used 
for experiment 1. Pseudorabies virus, 0.1 ml., from the 13th passage of virus in 
experiment 6, was employed. The findings are recorded in Figures 8 to 12. 


The destructive effects of pseudorabies virus for strain HeLa cells 
are shown in Figures 8, 10, and 12. The first cytologic changes in ex- 
periment 5 were observed on the third day after viral inoculation when 
focal degeneration of cells became evident (Fig. 8). Indeed, localized 
areas of cellular destruction resulted in all experiments from infection 
by pseudorabies virus, but such areas were not observed in the unin- 
fected control cultures (Fig. 9). Frequently these focal areas could be 
clearly seen macroscopically (Fig. 12). 
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The common occurrence of foci of degeneration in cultures of pseu- 
dorabies virus is thought to be related to the slow rate at which the 
destructive process progressed. Each focal area enlarged slowly over a 
period of several days. With time, however, new foci developed and 
coalesced to result in nearly total cellular destruction (Fig. 10). Cells 
in control cultures retained a normal appearance (Fig. 11). These ob- 
servations were interpreted as evidence of a comparative resistance of 
strain HeLa cells to pseudorabies virus since infection of cells occurred 
most frequently where large quantities of virus existed, i.e., near areas 
of cellular degeneration. 

Multiplication of Pseudorabies Virus. An attempt was made by 
serial passage of virus to learn whether pseudorabies virus propagates 
in strain HeLa cells (experiment 6). 

Experiment 6. The procedure employed for experiment 6 with pseudorabies virus 


was similar to that used for experiment 2 with herpes simplex virus. The data from 
experiment 6 are presented in Table ITI. 


It is apparent from the results of experiment 6 (Table III) that 
strain HeLa cells supported the growth of pseudorabies virus over a 
79-day period. Fifteen serial passages of virus resulted in a dilution 


Taste III 


Propagation in Vitro of Pseudorabies Virus in Cultures of Human 
Malignant Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 


Cumulative log Infectivity log of 
of dilution of cultural fluid for 
original viral i - 

inoculum ect Mice HeLa cells* 


3.8 


1.0 2/2 
5.0 2/2 
10.0 2/2 
13.0 2/2 
15.0 2/2 


* The results of strain HeLa titrations are given as the negative log of the dilution of 
cultural liquid, which, per 0.4 ml., produced a specific viral cytopathogenic effect in a 
tube culture after 7 days of incubation at 36° C. 
of the original viral inoculum of 10” times. It is of interest that com- 
parative titrations in mice and in strain HeLa cells of virus from the 
13th passage in strain HeLa yielded a higher value for the mouse 
titration. 
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Evidence of adaptation of pseudorabies virus to growth in these 
human cells was noted. During passages 2 to 5, the time required for 
destruction of cells was from 7 to 9 days, whereas from the 6th to 15th 
passages, this time shortened to from 2 to 6 days. 

To permit the staining of cells infected with pseudorabies virus, ex- 
periment 7 was carried out. 

Experiment 7. Porter flask cultures with cells on coverglasses were used as in 
experiment 4. Pseudorabies virus, 0.1 ml., as a 10 per cent suspension of infected 


mouse brain, was placed in each of four flasks. Cells were stained on days 3, 5, and 
6 after inoculation of virus. A photograph of stained cells is presented in Figure 13. 


Intranuclear, acidophilic, type A inclusion bodies of pseudorabies 
virus were found in cells at the edge of foci of cellular degeneration 
(Fig. 13). The frequency of occurrence of pseudorabies inclusions in 
strain HeLa cells was considerably less than that from infection by 
herpes simplex virus. This observation again may reflect the relatively 
greater resistance of strain HeLa cells to infection by pseudorabies 
virus than by herpes simplex virus. 

The experimental findings for pseudorabies virus in HeLa cellular 
cultures were confirmed fully by results from a second parallel passage 
series, series B. This series was initiated with an inoculum of o.1 ml. 
of supernatant fluid from passage 6 of series A; it was maintained 
thereafter for 17 more transfers which resulted in a minimal dilution 


factor for the inoculum of 107". The cytologic changes were as noted 
for series A. 


Vaccinia Virus 


Cytologic Effects of Vaccinia Virus. Degenerative changes in strain 
HeLa cells were seen upon the first passage of vaccinia virus. These 
changes were recorded photographically in Porter flask cultures (ex- 
periment 8). 

Experiment 8. The procedure for experiment 1 was followed. Virus from the 


14th passage of experiment 9 was employed. The results are shown photographically 
in Figures 14 to 16. 


The destructive effects of vaccinia virus upon strain HeLa cells were 
seen to occur as early as 24 hours after the inoculation of virus (Fig. 
14). Cells were round and clumped. By the second day the changes 
were more marked (Fig. 15) and by the fourth day, only scattered 
degenerate cells remained on the glass wall of the flask (Fig. 16). Cells 
from control cultures without virus are shown in Figures 4 and 11 for 
comparison with the infected cells seen in Figures 15 and 16. 

Multiplication of Vaccinia Virus. An experiment was performed to 
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learn whether vaccinia virus would propagate when passed serially in 
cultures of strain HeLa. 

Experiment 9. The procedure employed for experiment 9 was similar to that for 
experiment 2. Vaccinia virus, 0.05 ml., from infected chorioallantoic membranes 


was inoculated into each first passage culture. The data from this experiment are 
shown in Table IV. 


It is apparent from the results of experiment 9 (Table IV) that vac- 
cinia virus multiplied in cultures of strain HeLa cells. The cytopatho- 
genic effect of this virus persisted through fifteen passages of virus 
(10° dilution of original virus) over a 39-day period. Titration values 
in rabbits and in strain HeLa cultures for virus from selected passages 
also provided evidence that virus multiplied. 


TasLe IV 
Propagation in Vitro of Vaccinia Virus in Cultures of Human 
Malignant Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 


Cumulative log Infectivity log of 
Number of Total days of dilution of cultural fiuid for 
virus in original viral Cytopathogenic 


passage culture inoculum effect Rabbits* HeLa cellst 


I I 2/2 


4 10 4.0 2/2 5.0 3.0-4.0 
6 15 6.0 2/2 4.0°5.0 
8 20 8.0 2/2 4.6 

11 28 II.0 2/2 5.0 


2/2 


15.0 


* The results of titrations intradermally in rabbits are expressed as the negative log of 
the MID,./o.2 ml. of diluted cultural liquid. 

+ The results of strain HeLa titrations are given as the negative log of the dilution of 
cultural liquid which, per 0.4 ml., produces a specific viral cytopathogenic effect in tube 
cultures after 5 to 6 days of incubation at 36° C. 


To learn whether cytoplasmic inclusion bodies occurred in cells from 
strain HeLa infected with vaccinia virus, cells were grown on cover- 
glasses in Porter flasks and stained. 

Experiment ro. Five protocols, as described for experiment 4 with herpes virus, 
were completed. The vaccinia virus for protocols A and B was derived from in- 
fected chorioallantoic membranes, and for protocols C, D, and E, from passage 13 
of experiment 9. The procedure for protocol D was modified by incubation at 30° 


C. and that for protocol E by the use of MS-100 instead of CHS-1o, MS-9o. 
Photographs of cells from these cultures are presented in Figures 17 and 18. 


The attempts in protocols A and B of experiment 10 to produce 
inclusions in strain HeLa cells at 36° C. failed even though marked 
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cellular destruction occurred; a similar attempt in protocol C resulted 
in only a few cells containing Guarnieri bodies. Therefore, in an effort 
to produce a more widespread occurrence of inclusions, the physiologic 
activity of the cells was lowered. The method employed for lowering 
cellular metabolic activity was either to decrease the temperature of 
incubation to 30° C. (protocol D) or to omit the chicken serum from 
the maintenance solution (protocol E). As a result of following proto- 
col D, numerous intracytoplasmic inclusions formed (Figs. 17 and 18); 
fewer inclusions were seen in the cultures from protocol E. Since the 
rate of destruction of cells was less at 30° C. than at 36° C., many 
more healthy, polygonal cells persisted for a period of 4 days in cul- 
tures kept at 30° C. than at 36° C. It appeared as though destruction 
of cells occurred too rapidly at 36° C. to permit extensive formation 
of inclusion bodies; whereas, at 30° C., cells remained intact suffi- 
ciently long to permit the formation and persistence of inclusions. 


SUMMARY 


Cells from a stable strain of human epithelium (HeLa, Gey) kept 
under continuous cultivation in vitro since its derivation from an epi- 
dermoid carcinoma of the cervix in February, 1951, were found to 
support multiplication of the viruses of herpes simplex, pseudorabies, 
and vaccinia. Each virus caused destruction of the cells and produced 
either intranuclear inclusion bodies (herpes simplex and pseudorabies) 
or intracytoplasmic inclusion bodies (vaccinia). The destructive effects 
of herpes simplex or vaccinia virus were seen usually within 1 to 2 
days after inoculation of virus, whereas for pseudorabies virus the 
cytologic changes were commonly delayed for at least 3 to 4 days. 
Pseudorabies virus frequently caused discrete focal areas of cellular 
destruction; with herpes simplex or vaccinia virus, foci were seen only 
when a small viral inoculum had been employed. 


We sincerely appreciate the assistance of Mrs. Alicia Hoogasian who contributed 
greatly to the studies reported in this series of papers. 
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LEGENDS FOR FIGURES 


Unstained preparations of cells are shown in all figures except Figures 6, 7, 13, 
17, and 18; for the latter, cells were fixed in Bouin’s solution and stained with 
hematoxylin and phloxine. All photographs of stained cells were made by Mr. Henry 
Morris. 


Fic. 1. Strain HeLa cells kept at 36° C. for 1 day in CHS-10, MS~go, and photo- 
graphed immediately before the inoculation of virus. X 150. 


Fic. 2. Cells 1 day after inoculation of herpes simplex virus; early evidence for 
cellular infection is shown by the change from polygonal cells to single round 
cells and to agglomerate multinucleate clumps. X 150. 


Fic. 3. HeLa cells 2 days after inoculation of herpes simplex virus. Many of the 
cells are round, clumped, and present distinct nuclear borders. X 150. 


Fic. 4. Strain HeLa cells in a control uninoculated culture photographed on the 
same day as the cells in Figure 3. X 150. 


Fic. 5. A fecus of destruction in a tube culture of strain HeLa cells, 3 days after 
infection by herpes simplex virus. X 75. 


Fic. 6. Large inclusion bodies are contained in the nuclei of a multinucleated cell. 
X 800. 


Fic. 7. Type A intranuclear inclusions in strain HeLa cells are present 2 days after 
infection with herpes simplex virus. X 800. 
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FIG 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


. 8. Effect of pseudorabies viral infection of strain HeLa cells, photographed 3 
days after inoculation of virus; a focal area of cellular destruction is sur- 
rounded by a zone of round, degenerate cells and, beyond, by a zone of normal 
appearing cells. X 150. 


g. Normal appearing strain HeLa cells in an uninoculated control culture 
photographed concomitantly with the culture shown in Figure 8. X 150. 


10. Round, clumped, degenerate strain HeLa cells, 4 days after inoculation of 
pseudorabies virus. X 150. 


11. Normal cells in a culture without virus photographed for control purposes 
on the same day as the culture shown in Figure 10. X 150. 


12. Macroscopically visible foci of destruction from infection by pseudorabies 
virus (clear acellular areas in the sheet of strain HeLa cells on the glass sur- 
face of the test tube). 


13. An intranuclear inclusion body of Type A in a cell infected by pseudora- 
bies virus; inclusions were found commonly near foci of degeneration like 
that shown in Figure 12. X 800. 
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Fic. 14. Strain HeLa cells infected by vaccinia virus, 1 day after the addition of 
vaccinia virus; evidence for infection is shown by the degenerate and round ' 
cells. X 150. 


Fic. 15. Extensive cellular destruction that resulted 2 days after infection of strain 
HeLa cells by vaccinia virus. X 150. 


Fic. 16. On the fourth day after inoculation of vaccinia virus, only a few round, 
degenerate cells remained on the glass. X 150. 


Fics. 17 and 18. Guarnieri bodies in strain HeLa cells; after 2 days at 30° C. 
X 800. 
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THE VIRAL RANGE IN VITRO OF A MALIGNANT HUMAN 
EPITHELIAL CELL (STRAIN HELA, GEY) 


II. Srupres witH ENCEPHALITIS VIRUSES OF THE EASTERN, 
WESTERN, West St. Louis, AND JAPANESE B TyPEs * 


F. Scuerer, M.D.,¢ and Jerome T. Syverton, M.D. 


(From the Department of Bacteriology and Immunology, University of Minnesota, 
Minneapolis, Minn.) 


The successful propagation and cytopathogenic effects of the viruses 
of poliomyelitis, herpes simplex, pseudorabies, and vaccinia in cultures 
of human malignant epithelial cells cultivated in vitro (strain HeLa, 
Gey) have been reported.’* The purpose of this article is to present 
information that relates to the destructive effects and multiplication in 
cultures of strain HeLa cells, of the arthropodal-borne encephalitis 
viruses, of Eastern equine encephalomyelitis (EEE), Western equine 
encephalomyelitis (WEE), West Nile, St. Louis encephalitis (SLE), 
and Japanese B encephalitis (JBE). 


MATERIALS AND METHODS 


Viruses. The strain of EEE virus employed for these studies was isolated from a 
patient in 1951 by Dr. H. E. Dascomb, Louisiana State University. Infected mouse 3 
brain therefrom was passed intracerebrally once in mice in our laboratory for the 
preparation of a 5 per cent brain suspension in sterile 5 per cent dextrose in water. 
This brain suspension had an LDs9 of 10-7-5/0.03 to 0.05 ml. 

WEE virus and the Hubbard strain of SLE virus were obtained from the State 
of Minnesota Public Health Laboratory as 10 per cent suspensions of infected 
mouse brain. A single passage of WEE virus intracerebrally in mice yielded a 10 
per cent suspension of brain tissue. 

Lyophilized West Nile virus, labeled “25th passage, 10% MB, J 725960 in 
NMS, April 27, 1942 IHD lab.,” available by courtesy of Dr. K. C. Smithburn, 
was purchased from the American Type Culture Collection. One passage intra- 
cerebrally in mice was carried out to make a 10 per cent suspension of infected 
brain. 

A sample of JBE virus, Nakayama strain, as frozen and dried mouse brain, 
“s—1 7-48,” was supplied by courtesy of Dr. C. M. Eklund. The virus employed was 
contained in ro per cent suspension from the second mouse passage in our labora- 
tory. 

Viruses were stored in sealed ampoules at -—70° C. 

The methods for viral assay, cellular cultivation, viral propagation, and photog- 
raphy were described in the preceding article of this series.* 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
Presented in part as a preliminary report! before the Society of American Bacteri- 

ologists, San Francisco, August, 1953. 

Received for publication, March 12, 1954. 

Part I of these Studies is the immediately preceding article. Part III will appear in 
the January-February issue and will include a general discussion of the group. Part I 
should be consulted for explanation of certain abbreviations.—Editor. 
t John and Mary R. Markle Scholar in Medical Science. 
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EXPERIMENTAL RESULTS 


The purposes of these experiments were to learn (a) whether the 
virus under study would affect the morphologic characteristics of strain 
HeLa cells and (b) whether the virus would propagate. To accomplish 
these objectives, serial passage of virus was carried out in test tube or 
Porter flask cultures and microscopic observations of cells were made 
daily. The presence of virus in a culture was established by intracere- 
bral inoculation of cultural liquid into mice and/or by the occurrence 
of cytologic changes in strain HeLa cells. 


Eastern Equine Encephalomyelitis Virus 


Cytologic Effects of EEE Virus. The destructive effects of EEE 
virus for strain HeLa cells became evident during the first passage of 
virus. To permit recording of these cytologic changes photographically, 
one passage was performed in Porter flask cultures. 

Experiment 1. Two Porter flask cultures were prepared for viral inoculation by 
washing the cells and glass surfaces twice with MS—100, 1.0 ml. Chicken serum, 
10 per cent, and maintenance solution, 90 per cent (CHS—10, MS-go), 1.0 ml., and 
EEE virus, 0.1 ml., from the 12th passage of experiment 2, were added to each 
flask. The fluid was removed from each flask before cells were photographed. It 
was replaced after photography when further incubation was desired. Photographs 
of cells from this experiment are shown in Figures 1 to 4. 


The appearance of strain HeLa cells from a culture infected by EEE 
virus (Figs. 2 and 4) is in striking contrast to the appearance of cells 
in uninfected cultures (Figs. 1 and 3). This virus rapidly destroyed 
strain HeLa cells with the result, within 48 hours, of the disappearance 
of most cells from the glass (Fig. 2). However, a few cells often were 
spared and retained their normal shape for several additional days 
(Fig. 4). 

Multiplication of EEE Virus. Serial passage of EEE virus in cul- 
tures of strain HeLa (experiment 2) was attempted to learn whether 
the virus would propagate. 

Experiment 2. EEE virus, 0.05 ml., as mouse brain suspension, was inoculated 
into each of two test tube cultures of strain HeLa cells, containing o.5 ml. of 
maintenance solution, roo per cent (MS-100).* The cultures for this experiment 


were not rinsed with balanced salt solution since antibodies for EEE virus were 
assumed not to exist in the human serum employed for cellular cultivation. The 


* Maintenance solution (MS-—100) without chicken or other serum, 10 per cent, main- 
tains strain HeLa cells well for at least 3 to 4 days at 37° C., if the old serum-containing 
medium used during the period of cellular cultivation is not removed completely by 
rinsing the cells and cultural vessel with salt solution. MS is enriched sufficiently to per- 
mit cellular maintenance without non-specific degeneration by the small amount of serum 
medium that remains in the vessel when the supernatant liquid is merely replaced. 
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medium containing serum was merely removed and replaced with MS-1oo. When 
degeneration of cells occurred, the supernatant liquids from two tubes were pooled, 
and aliquots, 0.05 ml., were transferred to each of two uninfected cultures to effect 
serial passage of virus. The data from experiment 2 are given in Table I. 


The results of experiment 2 (Table I) show that EEE virus multi- 


plied in cultures of strain HeLa cells. Virus infectious for mice and 
destructive for strain HeLa cells persisted through 20 serial passages, 


Taste I 
Propagation in Vitro of Eastern Equine Encephalomyelitis Virus in Cultures of 
Human Malignant Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 
Cumulative log Infectivity log of 
of dilution of cultural li for 
original vi 
inoculum Mice* HeLa cellst 


7-5 
1.0 
5.0 

10.0 5.0 4.0-5.0 

15.0 

20.0 >3.0 5.0-6.0 


* The results of mouse titrations in all tables are expressed as the negative log of the 
LD 59/0.05 ml. of diluted cultural liquid. 

+ The results of strain HeLa titrations are given as the negative log of the dilution of 
cultural liquid which, per 0.4 ml., produced a specific viral cytopathogenic effect, in a 
tube culture of cells, after 4 to 7 days of incubation at 36° C. 

t For each of the tables, the numerator signifies the number of cultures that showed a 
viral cytopathogenic effect or the number of mice that died from viral infection. The de- 
nominator indicates the number of cultures or mice inoculated with virus. 


over 48 days. The original virus inoculum (LDso, 10") was thus 
diluted 10° times. The results of titrations in strain HeLa cultures and 
in mice at the roth and 20th passages add evidence that virus multi- 


aoe Western Equine Encephalomyelitis Virus 

Cytologic Effects of WEE Virus. A cytopathogenic effect for WEE 
virus was uniformly obtained by the use of mouse brain suspensions 
although virus from several subsequent passages (experiment 4) failed 
to destroy strain HeLa cells. To learn whether this cellular destruction 
was specifically related to virus, neutralization with specific antibody 
was attempted (experiment 3). For photographic purposes, Porter 
flasks were used. 

Experiment 3. Porter flask cultures were prepared for viral inoculation by 


washing with balanced salt solution and by the addition of CHS-1ro, MS-go, 1.0 
ml. as in experiment 1. WEE virus, 0. ml., as 2 per cent suspension of infected 


Number of Total days : 
virus in 
passage culture 
Tnoculum 
I 2 
. 
5 12 
Io 22 
15 35 
20 48 
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mouse brain was added to each of four flasks. Human serum containing antibodies 
for WEE virus, kindly supplied by the Minnesota State Public Health Laboratories, 
was added to two cultures as 0.1 ml. of undiluted serum. Photographs that present 
the results of this experiment are shown in Figures 5 and 6. 


A cytopathogenic effect of WEE virus for strain HeLa cells was 
seen 1 day after addition of virus (Fig. 5). In contrast to the nearly 
complete destruction of cells by WEE virus (Fig. 5), was the normal 
appearance of cells in the culture inoculated with specific antibody and 
virus (Fig. 6). The prevention of cellular destruction by the use of 
specific antibody established a causal relationship between WEE virus 
and its cytopathogenic effect for strain HeLa cells. 

Multiplication of WEE Virus. The purpose of experiment 4 was to 
learn whether WEE virus would grow in cultures of strain HeLa cells. 

Experiment 4. Serial passage of WEE was carried out in a manner similar to 
that for EEE virus (experiment 2). However, the cultures in this experiment were 
prepared for virus inoculation by washing the cells and walls of the cultural vessels 
twice with MS—100, or Hanks’s salt solution, 0.5 ml., before the addition of CHS—10, 
MS-90, 0.5 ml. Virus was passed when destruction of cells occurred, or at approxi- 
mately weekly intervals. The viral inoculum for the first passage was 0.05 ml. of 


10 per cent suspension of infected mouse brains. The results of this experiment are 
given in Table II. 


Data related to the propagation of WEE virus in cultures of strain 
HeLa are shown in Table II. Ten serial passages of virus, extending 


Taste II 


Propagation in Vitro of Western Equine Encephalomyelitis Virus in Cultures of 
Human Malignant Epithelial Cells (Strain HeLa, Gey) 


Cumulative log 


Results as indicated by 


Number of of dilution of 
virus Total days original viral Cytopathogenic Infectivity Titration 
Passage in culture inoculum effect for mice in mice 

I 2 1.0 2/2 
2 5 2.0 a/a s/s 4:7 
4 23 4.0 o/2 5/5 4-5 
9 45 9.0 2/2 5/5 

10 50 10.0 2/2 s/s 


over a 50-day period, resulted in a 107° dilution of the original viral 
inoculum. Fluids from passages 2 to 6, 9, and 10 were tested in mice 
and produced neurologic disease and death. Destruction of strain 
HeLa cells was seen in passages 1, 2, 5, and 7 to 10. In passages 3, 4, 
and 6, no cellular destruction occurred even though the cultures were 
incubated for longer periods than were used for other passages (11, 7, 
and 8 days, respectively). A reason for these failures of the virus to 
cause cellular damage has as yet not been learned. 
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West Nile Virus 


Cytologic Effects of West Nile Virus. The cytopathogenic effect of 
West Nile virus for strain HeLa cells was seen in the first passage of 
virus. These cellular changes were recorded photographically in Porter 
flask cultures (experiment 5). 

Experiment 5. The procedure for this experiment was similar to that for experi- 
ment 3 with WEE virus. The inoculum was a 10 per cent suspension of infected 


brain tissue from the first mouse passage of lyophilized virus. The cellular changes 
are shown in Figures 7 and 8. 


West Nile virus destroyed strain HeLa cells (Figs. 7 and 8) though 
this cytopathogenic effect was usually delayed for at least 5 or 6 days 
after virus inoculation. 

Multiplication of West Nile Virus. The ability of strain HeLa cells 
to support propagation of West Nile virus was tested in two experi- 
ments. For one (experiment 6), reconstituted lyophilized virus pur- 
chased from the American Type Culture Collection was used to inoculate 
the first passage cultures; for the other (experiment 7), a 10 per cent 
suspension of infected mouse brains from the first mouse passage of 
lyophilized virus was employed. 

Experiments 6 and 7. The procedures for experiments 6 and 7 were similar to 
that employed for experiment 4 with WEE virus. The approximate dilutions of 
human serum medium effected by washing the cultures were 103-3 * 3-6 for passages 
1 to 3; 10%-8 for passage 4 of each experiment; 104-® and 105-6 for passage 5 of 


experiments 6 and 7, respectively; 1052 and 10%? for passage 6, and 104-9 to 5.2 
for passages 7 to 12. The results of experiments 6 and 7 are given in Table III. 


Evidence for the multiplication of West Nile virus in strain HeLa 
cells is shown in Table III. Virus was carried through twelve serial 


Taste III 


Propagation in Vitro of West Nile Virus in Cultures of Human Malignant 
Epithelial Cells (Strain HeLa, Gey) 


Results as indicated by 


Total da: Cumulative | Cytopathogenic Infectivity Titration 
in pane of dilution a effect for mice in mice 
original viral 
Exp. 6 | Exp. 7 inoculum Exp. 6 | Exp.7 | Exp.6 | Exp.7 | Exp.6 | Exp.7 


6 5 I.0 2/2 2/2 
24 | 38 3.0 1/2 | 2/2 | s/s | s/s | 2.4 | 3-9 
36 | 29 5.0 o/2 | o/2 | s/s | s/s 3-5 
72 64 10.0 2/2 2/2 6/6 6/6 1.6 1.6 

too | 95 12.0 2/2 | 2/2 | s/s | s/s 


passages in experiments 6 and 7, over periods of 100 and 95 days. The 
virus was uniformly infectious for mice. Destructive effects of West 


Number of 

virus 
10 
12 
ij i 


1080 SCHERER AND SYVERTON 


Nile virus for strain HeLa cells were observed in all passages except 
4, 5, and 6 in each experiment. Since passages 4, 5, and 6 in both 
experiments were carried out simultaneously, a common factor may 
have caused the absence of cytopathogenic effects. 


St. Louis Encephalitis Virus 


Cytopathogenic effects of SLE virus for strain HeLa cells were ob- 
served infrequently and irregularly. Yet, the virus multiplied. 

Multiplication of SLE Virus. Serial passage of SLE virus was at- 
tempted in cultures of strain HeLa to determine whether the virus 
would multiply. 


Experiment 8. The procedure for this experiment was similar to that employed 
for experiment 4 with WEE virus. The cultures for the first seven passages of this 
virus were washed to result in approximately a 103-3 dilution of the human serum 
used in the medium for cellular cultivation; for passages 8 and 9 an approximate 
dilution of 105-2 was effected. The inoculum for the first passage cultures was 0.05 
ml. of 10 per cent suspension of infected mouse brain. The data from this experi- 
ment are given in Table IV. 


Table IV presents evidence to show that SLE virus propagates in 
cultures of strain HeLa cells. Nine serial passages of virus, extending 
over a 72-day period, were carried out successfully. The pooled cultural 


Taste IV 


Propagation in Vitro of St. Louis Encephalitis Virus in Cultures of 
Human Malignant Epithelial Cells (Strain HeLa, Gey) 


Cumulative log Results as indicated by 


of dilution of 
virus Total days original viral Cytopathogenic Infectivity Titration 
passage in culture inoculum effect for mice in mice 
I 6 1.0 2/2 
2 25 2.0 o/2 5/5 2.4 
5 44 5.0 0/2 5/5 3-6 
9 72 9.0 o/2 6/6 


liquids from each passage produced in mice signs of encephalitis and 
death, 4 or 5 days after intracerebral inoculation. Confirmatory evi- 
dence for propagation of SLE virus was obtained from the results of 
titrations of fluid from the second and fifth passages. 

SLE virus commonly did not exert a cytopathogenic effect for strain 
HeLa cells; destruction of cells was observed only in passages 1, 6, and 
7. In other passage cultures, the cells retained a normal appearance 
for periods of from 6 to 19 days, despite the presence of virus as shown 
by mouse inoculation. 
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Japanese B Encephalitis Virus 


Serial passage of JBE virus in cultures of strain HeLa cells was 
attempted to learn whether these cells were capable of propagating 
virus and/or of responding to infection by cytologic changes. 


Experiment 9. Serial passage was initiated with JBE virus in 10 per cent mouse 
brain tissue, 0.1 ml., as the inoculum for each of two rinsed cultures of HeLa cells 
containing 0.9 ml. of CHS-1o, MS-oo. For each successive transfer at intervals 
not greater than 7 days, or when cytologic changes were observed, the supernatant 
fluids of the two cultures were removed, pooled, and an aliquot, o.1 ml., was trans- 
ferred to each of two tubes of HeLa cells. The data of this passage series are given 
in Table V. 


Taste V 


Propagation in Vitro of Japanese B Encephalitis Virus in Cultures of 
Human Malignant Epithelial Cells (Strain HeLa, Gey) 


Cumulative log Results as indicated by 


Total Cytopathogenic Infectivity Titration 
Passage in culture inoculum effect for mice in mice 
5/5 
I 5 1.0 2/2 1/4 
2 9 2.0 14/14 Not tested 
4 aI 4.0 2/2 Not tested 
5 27 5.0 o/2 0/4 
10 61 10.0 0/2 2.3 
13 66 13.0 o/2 6/6 


The data in Table V show that virus persisted through 13 passages 
over a period of 66 days resulting in dilution for the initial virus in- 
oculum of a cumulative log of 13 or more. Overt evidence for cyto- 
pathogenic effect was present for 4 passages in the total destruction 
of all cells in from 4 to 6 days. During passages 5 to 13, most of the 
cells retained their normal structure; the attrition that results from 
such factors as age, nutrition, and low pH was held responsible for the 
degenerative and dead cells in cultures. 


SUMMARY 


Human epithelial cells (strain HeLa, Gey), cultured in vitro since 
their derivation from an epidermoid carcinoma of the cervix in Feb- 
ruary, 1951, were found to support the multiplication of encephalitis 
viruses of the Eastern, Western, West Nile, St. Louis, and Japanese 
B types. Eastern, Western, and West Nile types of virus regularly 
produced specific destruction of strain HeLa cells. It was shown with 
Western equine encephalomyelitis virus that cultures of strain HeLa 
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cells can be utilized for the demonstration of specific antibodies for 
the cytopathogenic encephalitis viruses. Cultures of strain HeLa cells 
were employed for titration of Eastern equine encephalomyelitis virus. 
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LEGENDS FOR FIGURES 
All photographs show unstained cells. 


Fic. 1. Strain HeLa cells kept at 36° C. for 1 day in CHS—10, MS—go, and photo- 
graphed immediately before inoculation of virus. X 150. 


Fic. 2. Strain HeLa cells, photographed 2 days after viral inoculation to show the 
destructive effects of Eastern equine encephalomyelitis virus. X 150. 


Fic. 3. Normal strain HeLa cells in an uninoculated control culture, photographed 
on the same day as the culture shown in Figure 2. X 150. 


Fic. 4. Strain HeLa cells, photographed 4 days after inoculation of Eastern equine 
encephalomyelitis virus to demonstrate that a few normal appearing cells re- 
main, although extensive destruction has occurred. X 150. 


Fic. 5. The cytologic effect of Western equine encephalomyelitis virus for strain 
HeLa cells as seen 1 day after the inoculation of virus. X 150. 


Fic. 6. Normal appearing strain HeLa cells protected by specific antibody from 
the cytopathogenic effect of Western equine encephalomyelitis virus. X 150. 


Fics. 7 and 8. Destruction of strain HeLa cells by West Nile virus, photographed 
6 days after the inoculation of virus. X 125. 
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AN EXPERIMENTAL STUDY OF THE VENOUS COLLATERAL 
CIRCULATION OF THE LUNG 


I. ANATOMICAL OBSERVATIONS * 


Atrrep Hurwitz, M.D., Massmao Catasrest, M.D., Ronatp W. Cooxe, M.D., 
and Averitt A. Lizsow, M.D. 


(From the Departments of Surgery and Medicine, Newington and West Haven Veterans 
Administration Hospitals, and Yale University School of Medicine and the 
Yale Department of Pathology, New Haven, Conn.) 


Evidence has accrued recently of the existence of an extensive venous 
collateral circulation in some types of pulmonary disease in man, espe- 
cially in emphysema.”* Quantitative estimates of the volume of the 
blood flow through these collaterals are difficult, if not impossible, to 
obtain in human subjects with methods currently available. This fact 
has prompted an attempt at the experimental production and func- 
tional evaluation of such a collateral circulation in the dog. The gen- 
eral pattern established in an earlier experimental investigation of 
bronchial arterial collateral circulation has been followed.* 

Although dogs could survive ligature of the venous drainage of a 
pulmonary lobe, it was long thought that this procedure was inevitably 
followed by hemorrhage, “atelectasis,” and often by pneumonitis and 
thrombosis of the pulmonary veins.*® The clinical observation that 
tuberculosis is rarely progressive in lungs which are the seat of chronic 
passive congestion, received experimental support from Tiegel,® who 
constricted the pulmonary veins in dogs and rabbits. A similar opera- 
tion has since been used in the treatment of pulmonary tuberculosis 
in man.” When penicillin came to be employed postoperatively, it was 
found possible to reduce strikingly the mortality following ligature of 
the veins of an entire lung.?°* 

Although gross and histologic changes after this operation have been 
described in detail, especially by Wyatt and associates,” there is little 
information regarding the collateral circulation. Schlaepfer?? demon- 
strated both hilar and pleural collateral vessels in the dog after simply 
constricting lobar veins to one half or one third of their original caliber. 
The state of the pulmonary veins after this procedure was not de- 
scribed, although it would be of interest to know whether they re- 
mained patent. 

In the present investigation the main efforts were to determine the 
relative effective flow through the collateral veins, to demonstrate their 


* Supported, in part, by a contract with the Office of Naval Research, as N6ori-44, 
Task Order XI and by a grant from the James Hudson Brown Fund of Yale University. 
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courses and relationships to the pulmonary vessels, and to consider 
the mechanisms governing their development. The functional observa- 
tions will be reported separately. 


MATERIALS AND METHODS 


The pulmonary veins were ligated extrapericardially on the right 
side in 4 dogs and on the left in 6. Except in the first 2 animals in 
which only the veins in the upper lobe were ligated, the attempt was 
made to interrupt the continuity of all of the pulmonary veins of one 
lung. That the drainage of the right mediastinal lobe may cross the 
midline to join that of the left lower lobe must be considered in the 
operative procedure. Occasionally, portions of lobes may be drained 
by separate small veins directly into the atrium, although the prevail- 
ing pattern necessitated the ligation of three major veins at their en- 
trance into the atrium on the left side, and from three to five for the 
right lung. A most important step in the care of the animals was the 
administration of antibiotics. In the present work both penicillin 
(200,000 units) and streptomycin (0.5 gm.) were administered intra- 
muscularly for 5 days postoperatively. 

After bronchospirometry and catheterization studies (Fig. 1) had 
been completed, each animal was heparinized and sacrificed with an 
overdose of pentothal for necropsy and the preparation of a vinylite 
cast of the tracheobronchial tree and vascular structures. The general 
methods for making such casts have been described elsewhere™ as 
have the special procedures in producing a cast of the azygos system.” 
Certain additional modifications were found useful for present pur- 
poses. The superior vena cava was transected just above the azygos 
vein and the distal end cannulated. A cannula was introduced into the 
mouth of the azygos vein, and this vessel was ligated just above the 
diaphragm. The azygos vein was perfused successively with water, air, 
acetone, and 1o per cent yellow vinylite. Each of these materials could 
be seen to issue from the cannulated superior vena cava, indicating 
connections between the azygos and caval systems. As the vinylite 
appeared, the caval cannula was occluded in order to permit distention 
of the azygos venous system with vinylite, and thick (28 per cent) 
yellow vinylite was then introduced into the azygos vein, and, in the 
opposite direction, into the superior vena cava, while the azygos can- 
nula was kept closed. The two cannulas were then joined by means of 
a Y-tube and appropriate connections of rubber tubing, and reinjection 
of the systems accomplished during several days to compensate for 
shrinkage of the vinylite. The aorta was injected in situ with black 
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plastic. Following this procedure, the entire thorax and its contents 
were freed by transecting the spinal column and soft tissues in the 
neck and in the abdomen below the last rib. The isolated thorax was 
suspended in a vacuum jar after cannulating the trachea and vascular 
structures, which were then injected as described in the study of the 
bronchopulmonary venous circulation in man.? White plastic was used 
for the tracheobronchial tree, red for the pulmonary arteries, green for 
the pulmonary veins, yellow for the azygos and superior vena cava, and 
black for the aorta. 
OBSERVATIONS 

Inspection in situ revealed that the lung at the site of ligature was 
usually firmly adherent to both the mediastinum and the lateral wall 
of the chest, in and close to the line of incision. In 2 animals, however, 
adhesions were confined to the mediastinal aspect of the nleura. The ad- 
hesions were in all instances remarkable for their vascularity. In 
addition, large thin-walled veins couid be seen to traverse the loose 
connective tissue anterior to the pericardial sac from the internal mam- 
mary vein to the adherent pleura and to disappear finally into the 
pulmonary substance (Fig. 2). 

Visual inspection of the fresh tissues yielded only the most rudi- 
mentary impression of the extent of the collateral circulation that was 
demonstrated in the casts. Even during the preliminary injection of 
air into the cannulated azygos vein it became apparent that freer 
communications than usual existed between the tributaries of this ves- 
sel and the superior vena cava. The two were connected by contributing 
branches that served as collaterals to the same pulmonary veins, as 
well as through the spinovertebral system. In the casts prepared by 
digesting the entire thorax, this system was demonstrated with utmost 
clarity in its relationship to the azygos vein and vena cava in the man- 
ner previously described by Batson** and others before him, as re- 
counted by Harris.*®° The azygos vein was connected to this system at 
each somatic segment by branches of an intercostal vein, and the major 
connections with the superior vena cava were through the superior 
intercostal vein. 

It was apparent in the casts that most of the pulmonary veins had 
not suffered thrombosis, despite the ligature of the major vessels at the 
hilum 3 to 5 months previously, and that they remained in continuity 
with two main types of collateral channels. One set of collaterals, 
probably largely expanded pre-existing bronchial veins, joined the 
proximal ends of the major pulmonary veins at the hilum. The second 
set represented transpleural vessels that joined the hilar plexus just 
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described (transpleural hilar collaterals), or connected directly with 
the distal ends of small pulmonary veins (transpleural terminal col- 
laterals). The anatomical capacity of these collateral vessels appeared 
compatible with the observed blood flows that approximated in some 
instances 20 per cent of that expected in the intact lung. 


Expanded Bronchial Collateral Veins 


Normally, the bronchial veins drain the first several orders of 
bronchi in the dog, and are connected with major pulmonary veins by 
means of very short but wide transverse channels. By the method 
employed, they were only rarely injected from the azygos or its 
branches in the normal dog, even with dilute (10 per cent) vinylite, 
probably in consequence of valves. They were occasionally injected 
from the pulmonary veins, however, with plastic of the same concen- 
tration, containing as much as 5 per cent suspended diatomaceous 
earth. The largest of these vessels encountered is illustrated in Figure 
3. They were smaller and much less easily injected than in adult man. 

After ligature of the pulmonary veins the bronchial veins were found 
to have expanded in a most remarkable fashion (Figs. 4 to 14). On 
the walls of bronchi of the proximal two or three orders these chan- 
nels retained their plexiform arrangement and connected with the 
proximal end of the major pulmonary vein of the lobe (Fig. 4), or 
with a segmental vein, which was thus injected retrogradely and which 
displayed its characteristic fern-like distribution peripherally (Figs. 5 
and 7). The connections of these bronchial veins with the pulmonary 
veins tended to be small but multiple (Figs. 4, 7, and 14). The hilar 
bronchial veins then entered the mediastinum, where they were joined 
by venules from the esophagus and other mediastinal structures, re- 
taining for a time their net-like arrangement, but then becoming gath- 
ered into several major vessels that entered the intercostal veins or the 
azygos itself. 

Detailed descriptions of the hilar collaterals are given in the Ap- 
pendix. In general it may be said that the major patterns were similar, 
whether the right or the left major pulmonary veins had been inter- 
rupted. Hemiazygos veins were not encountered in the dog. 

The major bronchial venous channels varied in number from two to 
four. In all casts at least one of these veins drained into the azygos 
directly and in all but one (dog V3) there was an additional vein that 
drained into a homolateral intercostal, usually the common stem of the 
fourth and fifth intercostal veins. 

The largest single bronchial vein, found in dog V3, had a diameter 
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of 8 mm., eight times that of the largest found on the control side in 
any of eight casts, and the sum of the diameters of the major bronchial 
veins in this dog was 14 mm. This does not include the newly formed 
transpleural hilar collaterals or the veins as described later. If these 
vessels were included, the total cross sectional diameter of all the 
draining vessels in different animals varied from 11 to 18 mm. Even 
these measurements did not include the transpleural terminal collat- 
erals. These measurements serve only to give an inkling of the relative 
size of these vessels, and no implication is intended regarding rates of 
flow or other functions on a quantitative basis. 


Trans pleural Hilar Veins 


Hilar connections also became established between transpleural veins 
and the proximal ends of the pulmonary veins. The former were thus 
quite analogous to the bronchial veins, but subserved their function 
chiefly in the upper parts of the lungs that were less accessible to the 
azygos and its branches. These transpleural vessels were obviously 
newly formed, from capillaries of granulation tissue in the developing 
pleural adhesions. Such collaterals may reach a diameter of 4 mm. 
(Figs. 11 and 16). They were derived most commonly from the peri- 
cardiophrenic vein, and occasionally from a descending branch of the 


superior intercostal, or from the subclavian or brachial vein. 


Transpleural Terminal Veins 


The most remarkable of the collateral veins, present in all casts, 
were newly formed vessels that penetrated the pleura and joined the 
distal ends of pulmonary veins, end to end (Figs. 9 and 10). The 
sources of such transpleural terminal vessels were usually chiefly the 
pericardiophrenic and intercostal veins, but in several instances they 
were branches of internal mammary veins (Figs. 11 and 13). In sev- 
eral specimens there were also vessels from the subclavian, brachial, 
azygos, and diaphragmatic veins. The intercostal collaterals were 
largest and most numerous at the level of the surgical incision and one 


‘or two segments above and below. On the other hand, in two speci- 


mens, the lung was not adherent at all to the lateral wall of the thorax. 
In those instances other transpleural veins on the mediastinal aspect 
were relatively large (Fig. 9). 


Completeness of Interruption of Venous Drainage 


It was found that surgical interruption of the venous drainage had 
been complete only in the last 3 animals of the present series. This 
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fact readily became apparent when the open pulmonary veins were 
injected from the atrium. An appropriate correction in the observed 
results of the functional studies was therefore required in those five 
instances in which the ligation was incomplete. Some useful anatomical 
information nevertheless was contributed by the very fact that certain 
of the pulmonary veins had escaped ligature. Even in a sub-segment 
it was apparent that the only way in which the uninterrupted pulmo- 
nary veins were connected with those beyond the ligature was by the 
hilar network of bronchial veins (Fig. 11). Furthermore, there was no 
evidence that any transpleural collaterals had established connections 
with intact pulmonary veins, although some of the expanded hilar 
bronchial veins had been injected in green plastic via the pre-existing 
proximal connections with these vessels. 


Microscopic OBSERVATIONS 


Since the lungs were used primarily for the preparation of casts, de- 
tailed gross and microscopic observations of the pulmonary tissue 
cannot be presented. Such studies have been reported by Wyatt and 
his collaborators’? on animals that had received penicillin. There is 
some evidence that less injury to the lung results from the operative 
procedure when both penicillin and streptomycin are administered 
postoperatively as in the present experiments. The incidence of san- 
guineous sputum was less. In the observations reported here the lungs 
appeared well aerated and were capable of considerable respiratory 
exchange, being thus more than the mere space-occupying organs sug- 
gested from the preliminary functional observations of Hanlon and his 
co-workers.’ In most instances they were but slightly, if at all, smaller 
than expected, but in several they were definitely small, perhaps partly 
in consequence of entrapment by unusually dense adhesions upon both 
the lateral and mediastinal aspects. 

The lungs of only one animal (V5), which died 4 months after 
ligature of the veins while under anesthesia preparatory to the physio- 
logic studies, were examined microscopically. Except for changes in 
the pleura, the lungs of the operated side were difficult to distinguish 
from the control (Figs. 15 and 16). On the side of ligature the alveoli 
in some zones seemed slightly thicker and more congested. This was, 
however, considered to be within the expected range of variation of 
the lung under the circumstances. There was no evidence of the focal 
fibrosis described by Wyatt™ for lungs after 5 months to 1 year fol- 
lowing venous occlusion. There was no thrombosis of the vessels. The 
microscopic study in dog Vs supplements our observations on the 
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patency of the vessels as seen in the casts. A minute polypoid intru- 
sion of connective tissue was found in the lumen of one bronchiole, 
suggesting a pre-existing bronchitis, and several small foci were seen 
where intra-alveolar phagocytes were accumulated in small groups and 
were filled with hemosiderin pigment. Both of these findings may be 
explained on the basis of the passage of helminthic parasites through 
the lungs, especially since they were observed bilaterally. Such 
changes, moreover, are occasionally encountered in unoperated dogs. 


Discussion 


A definite contribution to these experiments has been made by the 
antibiotics, penicillin and streptomycin. Under the protection of these 
drugs used together, the mortality from ligation of the major veins of 
a lung has been nil, in contrast with animals receiving penicillin alone 
as in the series of Wyatt and associates." Only 2 of the 10 animals 
had a cough productive of blood-tinged mucus for several days, but 
quickly became asymptomatic. In contrast with some accounts of 
venous ligation in pre-antibiotic days, the ligated pulmonary veins did 
not become thrombosed. There were no significant histologic changes 
in the lungs of the one animal which were studied 4 months after liga- 
tion. This would suggest a contribution of infection to “infarction,” 
that can be abolished under some circumstances. An analogy exists in 
the hepatic circulation of the dog in which Markowitz, Rappaport, and 
Scott*® have demonstrated that necrosis of the liver after ligature of 
the hepatic arteries can be prevented by the use of penicillin. 

As the venous collaterals of the lung develop, there is an obviously 
broader and more direct access to the azygos-spinovertebral system. 
This may have some significance in chronic suppurative or neoplastic 
disease of the lung in which collateral venous drainage may be ex- 
panded.” ? 

It is interesting to note that expansion of the venous and arterial 
collateral circulation is not necessarily concomitant. There was no 
evidence of change in the latter during the course of the present experi- 
ments, nor was the venous side found to be expanded despite the 
extensive increase of the arterial collateral circulation that takes place 
after ligature of the pulmonary artery.’* In man the two circulations 
may or may not be simultaneously expanded in the course of disease. 

The mechanisms governing development of the venous collateral 
circulation are doubtless complex and not entirely understood. They 
were certainly rapidly efficient within 3 months, as judged not only by 
the actual size of the venous channels but also by their capacity to 
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carry oxygenated blood from the lung. The expansion of pre-existing 
collaterals at the hilum is doubtless associated with an immediate 
increase in pressure within them at the moment of ligature of the pul- 
monary vein.’® It will be recalled that the bronchial veins are normally 
in free communication with the large pulmonary veins near the hilum 
through stomas of precapillary size. With the increased flow through 
these hilar bronchial veins there is an increase in their size—as in re- 
sponse to the same mechanical stimulus in other vessels.’® As in the 
developing embryo, those vessels that carry the greatest flow are 
destined to become the principal channels. A full explanation of why 
greater blood flow through a vessel results in an increase in its size is 
not as yet available. 

Even more obscure are the forces that seem to guide the transpleural 
collaterals, especially in their direct end-to-end junction with the pul- 
monary veins. In reaching these last-mentioned collaterals the blood 
passes from the pulmonary artery to the alveolar capillaries, thence to 
the still patent pulmonary veins, and only then to the collaterals with 
which they are connected by openings whose size may reach 2 mm. 
Since transpleural collateral vessels must be newly formed from capil- 
laries within the granulation tissue of adhesions, it is puzzling why the 
predominant drainage of the alveolar capillaries does not appear to be 
directly into these collaterals, but rather is mediated by the pulmonary 
veins. Evidence of the interposition of the latter are the observations 
that the collateral veins do not ramify far into the parenchyma and 
their branches are few, and that each terminal becomes connected at 
once with a pulmonary vein near the pleural surface and without dec- 
rement in size. The connections with the latter are created at a point 
where the pressure has fallen to its lowest level after the blood has 
entered the lung via the pulmonary arteries. Indeed it may even be 
asked why the venous collaterals never have been observed to form 
a short-circuit by connecting directly with the pulmonary arteries, as 
might seem reasonable if a mechanical force were the determining 
factor. The efficiency of the actual arrangement is obvious, since the 
pulmonary veins are already connected with the vast capillary bed of 
the lung, and, after ligation of the pulmonary veins, the simplest alter- 
native drainage would be by establishing directly precapillary connec- 
tions with these still patent vessels. The method by which this is 
accomplished is still obscure. 

The converse has been observed also in the development of the 
arterial collateral circulation where the transpleural systemic collateral 
vessels are connected directly with the pulmonary arteries. This has 
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been observed after the experimental ligation of the main arterial sup- 
ply to the lung in the dog, or in congenital pulmonic stenosis. In this 
instance we have never observed precapillary connections between the 
collateral arteries and the veins. 

A possible application of the ligature of the pulmonary vein in the 
therapy of transposition of the great vessels suggests itself. It is obvi- 
ous that in this congenital anomaly there are two independent circula- 
tions—a systemic through the right side of the heart and a lesser 
involving the left—except as some crossing over is effected through 
septal defects, patent ductus arteriosus, and possibly certain other 
shunts. Frequently in these instances, the ductus is closed and the 
septal defects are exceedingly small.”°*! If the drainage of one lung 
could be directed toward the right side of the heart (as by ligature of 
pulmonary veins), a volume of highly oxygenated blood would be 
added to the desaturated systemic blood (Text-Fig. 1). It is interest- 


BRONCHIAL 
VENOUS COLLATERAL 


INTERRUPTED 
PULMONARY VEIN 


Text-fig. 1. This diagram indicates a possible application of ligature of the pulmonary 
vein of one lung in the therapy of transposition of the great vessels. The blood leaving 
this lung would be directed to the right heart, thereby contributing richly oxygenated 
blood to the systemic circulation. Possible pathways for the necessary return of an equiv- ' 
alent volume of blood to the lesser circulation are not indicated, but might consist of ‘ 
trans-septal or extracardiac shunts that can be expected to accommodate to the induced, 

gradually increasing, flow from left to right. 
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ing to note that although death occurs very early in most instances, 
in one patient with this congenital lesion who survived to the age of 38 
(reported by Messeloff and Weaver**), the pulmonary veins were con- 
genitally transposed, draining into the right atrium. It is important, 
of course, that not only oxygenated blood be provided to the systemic 
circulation but also that some means exist to permit a return of blood 
to the pulmonary circulation. It is likely that available pathways for 
the latter function would become more efficient after the creation of 
the shunt to subserve the former. One special danger may exist in 
these patients consequent to the pulmonary arterial hypertension 
which is probably present in most of them. Evidence for this hyper- 
tension is the generally observed hypertrophy of the ventricle of origin 
of the pulmonary arteries and the thick wall and large diameter of 
the main pulmonary artery itself. It might then be that upon obstruct- 
ing the pulmonary vein, the capillary pressure would be so increased 
as to lead to pulmonary edema and hemorrhage. The evidence for this 
possibility is in the observations of Shedd, Alley, and Lindskog.** That 
the capillary pressure is not greatly increased with the veins unob- 
structed is suggested by the absence of an excessive venous collateral 
circulation.” This question cannot be resolved on a purely theoretic 
basis, since in course of time the pulmonary arterioles become altered 
by sclerosis and muscular overgrowth in such a manner that the capil- 
laries may be protected from the excessive pressure in the main pul- 
monary arteries. 
SUMMARY AND CONCLUSIONS 

The pulmonary veins of an entire lung can be ligated without pro- 
ducing hemorrhage and necrosis, provided that the animals are pro- 
tected with antibiotics; streptomycin in combination with penicillin 
appears to be more favorable in this regard than the latter alone. This 
observation suggests a contribution of infection to what has formerly 
been considered merely infarction. 

After ligature of the pulmonary veins there develops a collateral 
circulation capable of carrying up to at least 20 per cent of the blood 
flow were the venous drainage intact, and the oxygen content of the 
azygos blood rises. In part, this collateral circulation depends upon 
the expansion of pre-existing bronchial venous channels, probably in 
response to mechanical factors, and, in part, upon the development of 
new channels of large size from the capillaries of granulation tissue 
within pleural adhesions. Some of these supplement the hilar bronchial 
veins, but others join the pulmonary veins, end to end, at the periphery. 
The factors guiding this junction are not known, but in their discovery 
may lie an important key to the mechanisms of collateral circulation in 
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general. The arterial collateral circulation is not altered concomitantly. 

Since, in consequence of ligature of the pulmonary veins, expanded 
collateral veins of a lung can be caused to drain oxygenated blood via 
the azygos and innominate veins into the right heart, this operation 
suggests itself as a simple procedure possibly applicable to the partial 
correction of the disturbed hemodynamics of congenital transposition 
of the great vessels. 


APPENDIX—DESCRIPTION OF CasTS 
Dog V3 


Right lung. All veins were ligated except those of the mediastinal (cardiac) seg- 
ment: ligation considered 33 per cent incomplete. 

A. Bronchial Hilar Collaterals. 1, an 8 mm. trunk from the medial aspect of the 
azygos vein at level of the fourth intercostal space. 2 and 3, two 2 mm. trunks arising 
from the azygos at the level of the sixth intercostal space. 1, 2, and 3 join a plexus 
that drains most of the lower lobe. 

B. Transpleural Collaterals. 4, branches from second, third, and fourth inter- 
costal veins on lateral aspect of pleura. 5, pericardiophrenic branch draining chiefly 
the middle lobe. (See Figs. 3 to 8.) 


Dog V4 


Right lung. Pulmonary vein to one third of the right middle lobe was not ligated: 
estimated to be ro per cent incomplete. 

A. Hilar Bronchial Collaterals. 1, a 5 mm. vein from the common stem of the 
fourth and fifth right intercostal veins. 2, a trunk, 2 to 3 mm. in diameter, from the 
posterior aspect of the azygos at the level! of the third intercostal space. 

B. Transpleural Collaterals. 3, a long branch, 1 to 2 mm. in diameter, descending 
to the left of the aortic arch from the left superior intercostal and then anteriorly to 
the aorta to join the upper branch of 1. 4, a pericardiophrenic branch from the 
superior vena cava, approximately 1 mm. in diameter (also yields transpleural 
branches). 5, a 4 to 5 mm. branch from the innominate vein that enters the upper 
lobe. 6, small branches from the left side of the superior vena cava. 7, diaphragmatic 
branches entering the anterior margin of the mediastinal lobe. (See Figs. 9 and 10.) 


Dog V6 


Left lung. Two small pulmonary veins not ligated: a small lingular branch drain- 
ing approximately one third of the posterior portion of this segment, and the main 
branch from the first dorsal bronchus of the lower lobe. Ligation estimated to be 
25 per cent incomplete. 

A. Bronchial Hilar Collaterals. 1, from left intercostal trunk common to fourth 
and fifth intercostals, just beyond its origin on the left lateral aspect of azygos at the 
level of fifth intercostal. 2, a trunk from the anterolateral aspect of azygos, 3 mm. 
below origin of sixth left intercostal vein. 3, small 1 to 2 mm. posterior descending 
branch from left superior intercostal. 

B. Transpleural Collaterals. 4, transpleural branch (4 to 5 mm.) of internal 
mammary drains upper lobe. 

There is evidence of possible cross circulation from a ligated to an unligated 
vessel. In the lingula and lower lobe, the former have been injected retrogradely 
with green plastic from the latter by way of a tortuous bronchial venous plexus. It is 
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probable, however, that the blood flow was from both sets of pulmonary veins into 
the collaterals. (See Fig. 11.) 


Dog V7 


Left lung. All venous drainage interrupted except for small branch in posterior 
portion of lingula. Ligation estimated to be ro per cent incomplete. 

A. Bronchial Hilar Collaterals. 1, a single huge trunk from the common source of 
the fifth and sixth intercostal veins on the left. 2, 3, and 4, from anterior aspect of 
azygos vein just below seventh, eighth, and ninth intercostal veins, respectively. 

B. Transpleural Collaterals. 5, trunk, 4 mm. in diameter, from brachial vein 
(incomplete). 6, complex network from pericardiophrenic (3 mm.). 7, diaphragmatic 
branches (2 mm.). 8, minute branches from fourth, fifth, and sixth intercostals 
traversing adhesions. (See Fig. 12.) 


Dog V8 


Pulmonary venous drainage completely interrupted. 

A. Bronchial Hilar Collaterals. 1, branch from left lateral surface of arch of the 
azygos vein as it loops over the right main bronchus. 2, a 2 to 3 mm. branch from 
anterior surface of common trunk of fourth and fifth intercostal veins at level of the 
latter. 3, a branch, 3 mm. in diameter, from anterior surface of azygos vein at level 
of sixth intercostal. 4, from anterior surface of azygos at level of sixth to seventh 
intercostal (diameter, 3 mm.). 

B. Transpleural Collaterals. 5, a 1 to 2 mm. branch from the pericardiophrenic 
vein. 6 and 7, from the third and fourth intercostal veins. 


Dog Vo 


Pulmonary venous drainage completely interrupted. 

A. Bronchial Hilar Collaterals. 1, from left lateral surface of azygos at level of 
fourth intercostal (diameter, 5 mm.). 2, small vessels from fifth intercostal (1 mm.). 
3, from anterior surface of azygos just below sixth intercostal (rx mm.). 4, contribu- 
tion from posterior branch of pericardiophrenic. 

B. Transpleural Collaterals. 5, branch of 2. 6, branch of 3. 7, large (4 mm.) 
pericardiophrenic vein extending along central part of medial surface of upper lobe, 
lingula, and lower lobe. 8, branch of internal mammary (3 mm.) supplying the 
anterior surface of upper lobe. 9, branches of fourth and fifth intercostal veins. (See 
Fig. 13.) 


Dog Vio 


Pulmonary venous drainage completely interrupted. 

A. Bronchial Hilar Collaterals. 1 and 2, small branches, each 2 mm., from the 
fourth and fifth left intercostals respectively, passing to the left of the aorta and 
thence to a hilar position. 3, from the paravertebral segment of the left fifth inter- 
costal (2 mm.). 4, from the azygos just below sixth intercostal (3 mm.). 

B. Transpleural Collaterals. 5, from a pericardiophrenic branch passing to the 
left of the aorta and thence to the hilar aspect of the upper lobe (1 to 2 mm.). 
6, from a long, thin vein, 1 mm. in diameter, draining into the superior vena cava 
after passing to the right of the aorta with the same destination as 5. 7, twigs from 
1, 2, and 3. 8, an anterior marginal branch to the upper lobe. 9, an anterior mar- 
ginal branch to lower lobe. 10, anterior marginal branches ascending from dia- 
phragmatic veins. 11, branches of the fourth, fifth, and sixth intercostal veins. (See 
Fig. 14.) 
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LEGENDS FOR FIGURES 


Fic. 1. Roentgenogram during functional study (dog V4). The bronchospirometric 
cannula is shown with the expanded end of the inner element within the left 
main bronchus. The catheter, following a posterior arched course, is in position 
with its tip in the azygos vein. 


.2. Thorax of dog Vs at necropsy, 5 months after ligature of the pulmonary 
vein. Newly formed transpleural collaterals traverse adhesions between the 
right lung, especially the right upper lobe, and the regions drained by the in- 
ternal mammary and pericardiophrenic veins. 


. 3. View of posteromedial aspect of cast of left atrium and unoperated left lung 
of dog V3 to demonstrate the largest normal bronchial vein (diameter, 1 mm.) 
in the present series of dogs, as injected from the pulmonary vein. The small 
vessel (arrow) is seen against the background of the lower lobe bronchus. The 
points of ligature of the major pulmonary veins of the right side are seen as 
bulbous projections from the atrium. The transected stump of the mediastinal 
lobar vein (which was not ligated) also is visible. 
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_Fic. 4. Medial aspect of right lung of dog V3, 3 months after ligature of pulmonary 
veins. Bronchial hilar collateral plexus consisting of: 1. 8 mm. trunk arising 
from medial aspect of azygos vein at the level of the fourth intercostal space. 
2 and 3. Branches of common trunk arising from azygos at level of the sixth 
intercostal space. Transpleural terminal collaterals to the middle lobe are seen 
arising from an enlarged branch of the pericardiophrenic vein, 5. Key: Az = 
Azygos vein. Sp.V.P. = Spinovertebral venous plexus. S.V.C. = Superior 
vena cava. P.A. = Pulmonary artery. Ao = Aorta. 
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Fic. 5. Dog V3. Right and posterior aspect of cast. The enormously expanded hilar 
bronchial veins (labelled to correspond with Fig. 4), form a rete upon the major 
bronchi, and at one point can be seen to communicate with a segmental vein 
within the posterior portion of the right lower lobe that has been dissected to 
expose the vessels. (For comparison with Fig. 8.) 


Fic. 6. Newly formed transpleural collateral terminal veins draining the right upper 
lobe into the third, fourth, and fifth intercostal veins. These collaterals are 
joined end-to-end with the distal extremities of small pulmonary veins. 
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Fic. 7. Drawing to correspond with Figure 4. The connections at many points of 
the hilar bronchial venous plexus with the pulmonary vein of the lower lobe are 
shown, as is the ramification of the pericardiophrenic branch into terminal col- 
laterals on the medial aspect of the middle lobe. 


Fic. 8. Drawing to correspond with portions of Figures 5 and 6. A segmental pul- 
monary vein injected from the hilar bronchial venous plexus can be seen more 
clearly than in Figure 5 in its characteristic fern-like distribution within the 
superior portion of the right lower lobe. 
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Fic. 9. Dog V4. General view of medial aspect of right lung, 5 months after ligature 
of the pulmonary veins. Hilar bronchial collateral branches derived from: 1. A 
5 mm. stem originating from the common trunk of the fourth and fifth right 
intercostal veins. 2. A trunk, 2 to 3 mm. in diameter, from the posterior aspect 
of the azygos at the level of the third intercostal space. 3. A descending branch 
from the left superior intercostal. 4. A pericardiophrenic branch supplying hilar 
collaterals distributed about the middle lobe. 5. A 4 to 5 mm. branch of the 
innominate. 6. Small branches from the superior vena cava. 7. Diaphragmatic 
branches entering the anterior margin of the mediastinal lobe. Key for other 
labelled structures as in Figure 4. 
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Fic. ro. Anteromedial aspect of right upper lobe of the cast shown in Figure 9. A 
photograph and detail drawing serve to demonstrate the end-to-end connections 
of the large transpleural branch of the innominate (labelled 5 in Figure 9), with 
branches of the pulmonary veins. The latter are seen to descend into the depths 
of the lobe toward the hilum. 


.11. Dog V6. Medial aspect of left lung, 4 months after ligation of the pulmo- 
nary veins. Hilar collaterals draining left lower lobe derived from: 1. Branch 
of azygos to fourth and fifth left intercostal veins. 2. Branch from anterolateral 
aspect of azygos 3 mm. below origin of sixth left intercostal vein. 4. Trans- 
pleural branch, 3 to 4 mm. in diameter, of internal mammary that drains the left 
upper lobe. A small lingular pulmonary vein and the main branch to the first 
dorsal bronchus of the left lower lobe escaped ligation and were injected with 
green plastic from the atrium. There has been some injection in green through 
pre-existing proximal connections with these vessels of portions of the bronchial 
venous plexus, most of which has been injected in yellow from the azygos. 
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Fic. 12. Dog V7. Medial aspect of the left lung, 3 months after ligature of the pul- 
monary veins. A single huge bronchial venous trunk (1) from the azygos branch 
that is the common source of the fifth and sixth intercostal veins comprises the 
major hilar collateral drainage for the lower lobe. The drainage of this lobe is 
supplemented by three smaller transpleural branches, 2, 3, and 4, arising from 
the anterior aspect of the azygos, below the seventh, eighth, and ninth inter- 
costal veins. 

The drainage of the upper lobe is predominantly via terminal collaterals into 
a huge branch (5) of the brachial vein. Small diaphragmatic branches (7) enter 
the anterior and mediai aspects of the lung. 
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Fic. 13. Dog Vg. Medial aspect of left lung. Pulmonary veins ligated 5 months 
previously. Hilar drainage chiefly into a large bronchial vein (1) arising from 
the left lateral surface of the azygos at the level of the fourth intercostal. The 
transpleural collaterals are especially well developed in this specimen, e.g., a 
large branch of the pericardiophrenic (7) and one from the internal mammary 
vein (8). 
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Fic. 


Fic. 


Fic. 


14. Dog Vio. Anteromedial view of cast of left lung 5 months after ligature of 
all of the left pulmonary veins. Major hilar collaterals: 3. From the fifth left 
intercostal vein. 4. From the azygos at a level between the sixth and seventh 
intercostal veins. Transpleural collaterals: 5. Expanded branches of peri- 
cardiophrenic vein. 6. A branch from the superior vena cava. 

The major vein of the left upper lobe is connected at the hilum with the 
expanded hilar bronchial plexus (H), and at the periphery with a transpleural 
terminal plexus (T). 


15. General view of lung tissue approximately 4 months after ligature of the 
pulmonary veins that drained it. The integrity of the parenchyma, absence of 
fibrosis, hemosiderosis, and thrombosis of vessels are demonstrated. Approxi- 
mately 100 X. 


16. Pleura and adhesions. Veins traversing the pleura to enter the pulmonary 
substance. Their thick muscular walls are appropriate to the size of their lumina. 
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PNEUMOCONIOSIS FROM EXPOSURE TO KAOLIN DUST: 
KAOLINOSIS * 
Kewneta M. Lyncu, M.D., and A. McIver, M.D. 


(From the Department of Pathology, Medical College of South Carolina, 
Charleston 16, S.C.) 


Although the term kaolinosis occurs in a widely circulated medical 
dictionary, the name is apparently not used in the few available pub- 
lished reports of pneumoconiosis associated with exposure to the in- 
halation of dust of clay. At the present time there are only two proved 
varieties of chronic pulmonary disease developing from the inhalation 
of particulate matter in the atmospheres of industrial plants or work- 
ings: silicosis and asbestosis. The present report sets up a definite 
disease that may be disabling and may reach an advanced or even 
fatal stage. While the condition to be described has certain features that 
are not clearly distinguishable from silicosis, it has other features 
which warrant the special designation, at least until some particular 
part of kaolin may be shown to be the disease-causing factor. Inasmuch 
as there are a few published records of pneumoconiosis occurring in 
“fuller’s earth” workers, such comparisons as seem warranted also will 
be made with that condition. 

In a report by Campbell and Gloyne’ upon a necropsied case in 1942 
in which exposure to the dust of fuller’s earth in Surrey, England, was 
of 38 years’ duration, the condition was described as scattered, irregu- 
lar, black, fibrotic patches from 4% to % inch in diameter, not consid- 
ered to be characteristic of silicotic nodules. Also described is 
thickening of the walls of the bronchioles, perivascular fibrosis of 
arterioles, and “reticular” fibrosis of alveoli surrounding dust particles. 
In the clay concerned in that report montmorillonite was the main 
constituent while sericite and kaolinite were not present. The soft 
patchy pneumoconiosis without massive fibrosis differed from silicosis. 

McNally and Trostler? found in roentgenologic examinations in 
1941 of 49 men working in fuller’s earth in Illinois a few with densely 
mottled areas in the upper lobes of the lungs, but in most of these 
men there were merely increased bronchial markings. 

The few other reports cited by these writers? and the paper by 
Tonning® indicate the condition observed as “reticular” fibrosis with- 
out silicotic nodulation or massive fibrosis. 


* Presented at the Fifty-first Annual Meeting of the American Association of Pathol- 
ogists and Bacteriologists, Philadelphia, April 8, 1954. 
Received for publication, April 15, 1954. 
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KAoLIn 


No attempt will be made here to give a detailed analysis of the 
composition of kaolin as it occurs in different deposits in various parts 
of the world, nor to determine whether any particular component of 
any deposit of kaolin, including free silica (SiOz), may be the actual 
offending substance. Perhaps it will be acceptable for the present pur- 
pose to define kaolin simply as a kind of clay derived by disintegration 
of an aluminous mineral such as feldspar or mica. It is commonly 
called china clay, and in simple terms clay may perhaps be defined as 
a dispersed system of mineral fragments of hydrated aluminum silicate 
in which particles smaller than 2 » predominate. The term clay refers 
to a physical condition and not a definite chemical composition. The 
elements which may be found in kaolin deposits are: silicon (SiOz), 
aluminum (AleOs), iron (Fe2Os), titanium (TiOz), calcium (CaO), 
magnesium (MgO), potassium (K20), sodium (Na2O), manganese 
(MnO), copper (CuO), and sulfur (SOs), with water, carbon, and 
organic matter. The essential constituent of clay or kaolin is the min- 
eral kaolinite, a hydrated aluminum silicate. 

The material from which the dust concerned in this study came was 
apparently derived by open mining and was processed in an industrial 
plant for distribution and use in various industries. The exposure ap- 
parently occurred in such a processing plant. In previous times, before 
the recognition of such hazards or possible hazards, doubtless some 
phases of the processing created very dusty atmospheres. So far as 
our own observations go, those conditions seem to have been largely 
corrected, but this study shows that wherever workers are exposed 
sufficiently to inhalation of air heavily laden with particles of kaolin, 
at least some may develop chronic disease of the lungs as a conse- 
quence. 

An additional factor that may need to be taken into account is from 
the addition of chemicals in the course of processing the clay. Those 
sometimes used are soda ash, trisodium phosphate, and sodium pyro- 
PaTHOLocic STUDIES 

The material concerned in this study consists mainly of the lungs of 
two men who had worked for considerable periods in a kaolin proces- 
sing plant. Upon the death of these two persons, necropsies were per- 
formed elsewhere and the lungs were sent to us for examination. 
Subsequently, we were furnished with the chest roentgenograms* of 


* The descriptions and interpretations of the roentgenograms are given by courtesy of 
Dr. H. S. Pettit, Professor of Roentgenology. 
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each and with a note on the symptoms and duration of occupational 
Case 1 


The first case was that of a man, 36 years old, who had apparently worked in the 
plant for a period of some 17 years. Although it is probable that in the early part 
of this exposure the atmosphere about his work was heavily laden with dust, at least 
in the latter part conditions were much improved, and it is believed that his more 
recent exposure was not particularly hazardous. There was no other suspected dust 
exposure. No record of the clinical state in this case is available. 

The roentgenograms of his chest, taken toward the end of his exposure, were 
described and interpreted as follows: 

Postero-anterior and lateral films of the chest showed a massive confluent con- 
solidation of the upper half of the right lung field, an area of confluent consolidation 
measuring 8 cm. in diameter in the upper third of the left field, and extensive nodular 
infiltration of the lower two thirds of the left lung field. The trachea was displaced to 
the right. No definite area of cavitation was apparent. There was emphysema of the 
right base. Summary: Advanced pneumoconiosis with infection. Extensive confluent 
consolidation and nodular infiltration. 


The description of the portions of the lungs examined by us was as 
follows: 

Gross Observations. The material received consisted of four inade- 
quately fixed portions of lung together weighing 1195 gm. and bearing 
two large branches of pulmonary vessels containing apparent ante- 
mortem thrombi. In one portion of lung there was a roughly wedge- 
shaped, firm, hemorrhagic area 4 cm. in diameter. The alveolar spaces 
appeared to be uniformly expanded, producing a vesicular emphysema. 
There were three areas of whorled fibrous tissue which were of the 
consistency of heavy tire-tread rubber and presented margins which 
in some regions were so sharp as to appear encapsulated. These meas- 
ured up to 7 cm. in diameter and extended from hilum to periphery, 
where the overlying pleura measured up to 0.5 cm. in thickness. Scat- 
tered throughout the remaining pulmonary tissue were many other 
smaller, but otherwise similar, shot-like fibrous nodules. There were 
scattered areas with cystic spaces which appeared to be related to 
inadequate fixation. Hilar nodes were present, heavily pigmented, 
measuring up to 2 cm. and presenting much the same appearance on 
the cut surface as the fibrous nodules described, but they were softer. 

Microscopic Findings. Nodular areas of whorled collagenous fibrosis 
contained deposits of brownish black particulate matter. Many alveo- 
lar spaces were dilated and their walls were variably attenuated or 
thickened by a fibrous reaction. In some areas there was fragmenta- 
tion and clubbing of the alveolar septa and there were pigment-laden 
macrophages in alveolar spaces as well as within their walls. Some 
fibrous tissue increase was noted also about blood vessels. One large 
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vessel contained a recent thrombus and there were hemorrhage and 
necrosis of an adjacent portion of the lung. The pleura showed a 
marked fibrous thickening. Lymph nodes showed the same dense 
fibrous scarring described for the lungs, and heavy pigmentation. When 
examined under polarized light, innumerable small refractile bodies 
were seen, yet they were by no means so numerous as the particulate 
matter visible under ordinary illumination. Lymph nodes presented 
an entirely similar appearance under polarized light. An additional 
conspicuous feature was the profound distortion of erythrocytes, prac- 
tically all of them being of spindle shape (incidental erythrocyte 
sickling). 

The diagnosis recorded from these studies was: pneumoconiosis 
(kaolinosis) with pulmonary thrombosis and infarct of the lung. 


Case 2 


The second case was that of a man, 35 years old, who had worked in a kaolin 
processing plant for about 21 years. It is probable that he, too, was exposed to very 
dusty atmospheres, at least in the early period of his employment. It is reported that 
5 years prior to his last illness he had been given a diagnosis of silicosis with suspected 
concomitant tuberculosis. He had symptoms of dyspnea during his last 3 years, more 
marked during the final year and extreme for a week or so prior to death. There 
was associated slight cough productive of small amounts of dark colored sputum, as 
well as ankle edema at least 3 years before his death. Acid-fast bacilli were reported 
from the washings of his stomach at that time, but sputum examined shortly before 
his death was negative for such organisms. 

The description and interpretation of his roentgenograms were as follows: 

Films of the chest showed a generalized pulmonary emphysema and large con- 
fluent areas of consolidation in the upper half of each lung field. The confluent mass 
in the left hemithorax measured 9 cm. in diameter and its edges were relatively 
smooth. The two masses in the right upper lung field had a combined diameter of 
11cm. Between them there was an area of cavitation measuring 2.5 cm. in diameter. 
Below the confluent areas of each lung field there was a fine granular and nodular 
infiltration. The heart was relatively small. Summary: Advanced pneumoconiosis 
with infection, confluent consolidation, nodular infiltration, cavitation, and emphy- 
sema. 


The description of the lungs examined by us was as follows: 

Gross Observations. A right and left lung, which had been sectioned 
previously, were received. Within the substance of each lung were 
hard, nodular, bluish gray areas which might be described as resem- 
bling blue marble, and which measured up to 11 cm. in greatest diame- 
ter. The right upper and middle lobes were practically replaced by 
these nodules and the upper half of the right lower lobe was similarly 
involved. The left lung showed extensive involvement of the upper 
lobe and of the upper third of the lower lobe. The pulmonary tissue 
not involved by the large firm nodules showed a pronounced dilatation 
of the alveolar spaces and a rather diffuse firmness. In the right upper 
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and middle lobes were cystic spaces with glistening linings, measuring 
up to 4 cm. in diameter. The pleural surfaces of both lungs were 
thickened and shaggy, and presented large bullous emphysematous 
blebs. A major branch of the pulmonary artery in the left lung showed 
organizing thrombus. Hilar lymph nodes measured up to 2.5 cm., were 
heavily pigmented, and in part replaced by the same firm, whorled 
nodularity described in the lungs. 

Microscopic Findings. Massive areas of whorled collagenous fibrous 
tissue were heavily pigmented by deposits of brownish black amor- 
phous material and particulate matter. In some locations alveolar 
spaces were dilated and some septa showed fibrous thickening while 
others were attenuated or disrupted. Many spaces were filled with 
pigment-bearing macrophages and the same sort of material which 
was widely deposited throughout the fibrous nodules. Cross sections 
of several branches of the pulmonary artery showed partial or com- 
plete occlusion. Pigmented macrophages were scattered through their 
walls and in the fibrous tissue which occupied the lumina of some. 
Several of these vessels had crinkled walls suggesting actual compres- 
sion by the surrounding dense scar tissue. The pleura was markedly 
thickened and encompassed large bullous spaces. Lymph nodes showed 
heavy pigmentation and also contained large areas of whorled collage- 
nous fibrous tissue. When examined under polarized light, both the 
pulmonary tissue and lymph nodes showed a great number of small 
refractile bodies. 

The diagnosis recorded in this case was: pneumoconiosis (kaolino- 
sis). 
SUMMARY 

While roentgenograms in these two cases apparently do not furnish 
features upon which definite differentiation between silicosis and kaoli- 
nosis may be made, there are two observations of possible significance 
that may be made from them. The first is that, while the same features 
may show in cases of silicosis, the massiveness of the involvement of 
the upper parts of the lungs in kaolinosis is remarkable. Kaolin dust 
is composed of very fine particles and is a comparatively light dust, 
possibly having a better opportunity to reach the upper lung areas than 
heavier dust composed of larger particles. Secondly, although much 
pulmonary air space is obliterated, emphysema is prominent in the 
open areas. 

The bluish color created by the deposits in the lungs was a distinc- 
tive feature. While the reactions causing the development of blue color 
in clay materials are apparently not clearly understood, it is believed 
that, because of their adsorptive qualities, clay crystals when mixed 


4 
3 
a 
€ 


II22 LYNCH AND MC IVER 


with organic amino compounds may develop a blue reaction under 
some conditions. Whether this reaction and the consequent develop- 
ment of blue color would occur under all circumstances of deposition 
of kaolin in the lungs can not be ascertained except from extensive 
observation, but it should constitute a distinctive feature when it is 
found, identifying the nature and source of the deposit even if it were 
not otherwise known. 

From the microscopic descriptions it will be noted that while nodular 
fibrosis with massive whorled collagenous deposits, as in silicosis, com- 
posed the more bulky changes, fibrosis of the alveolar walls and thick- 
ening and emphysema were conspicuous. This explains the prominence 
of respiratory difficulties, at least in the one case in which information 
was available. 

Also to be noted especially are the associated vascular lesions. 
These consisted of extensive obliterative arteritis in which visible 
particles of foreign material were scattered through the vessel walls, 
even in the fibrous tissue which occupied the lumina of some arterial 
branches; and, in the first case, thrombosis of the main branches of 
the pulmonary artery. 

It is regretted that accurate description of the condition of the heart 
was not available in either case for evidence of the general circulatory 


effect created by the condition found within the lungs. 


CoNCLUSION 


Sufficient exposure to inhalation of dust of at least some kaolin de- 
posits will cause in some individuals a chronic fibrous disease of the 
lungs that may be disabling and even prove to be fatal. The term 
kaolinosis is therefore established as signifying a definite disease state, 
beyond merely the location of kaolin in the lungs. 
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LEGENDS FOR FIGURES 


Fic. 1. Sectioned lung, case 1, 156128. Massive nodular pneumoconiosis of upper 
portion of lung, with diffuse emphysema and pleural thickening. 


Fic. 2. Sectioned lung, case 2, 207039. Massive nodular pneumoconiosis of upper 
portion of lung, large subpleural cavity, diffuse emphysema, and pleural thick- 
ening. 
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Fic. 3. Chest roentgenogram, case 2. Massive upper confluent pneumoconiosis. 


Fic. 4. Case 1. Massive accumulation of dust-laden macrophages and débris in 
alveoli, with surrounding fibrosis. X 125. 
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Fic. 5. Severe vascular lesion, with perivascular and intimal fibrosis. X 100. 


Fic. 6. Perivascular and obliterating intravascular fibrosis. 125 


Fic. 7._ Dense hyalinizing fibrosis with alveolar obliteration and dust deposit. X 125. 
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ARTERITIS IN GUINEA-PIGS, PRODUCED BY EMBOLI OF COTTON, 
RESEMBLING THE ARTERITIS OF HYPERSENSITIVITY * 


C. Von Grann, M.D., W. Hatt, M.D., and Sun, M.D. 


(From the Department of Pathology, New York University College of Medicine, 
New York 16, N.Y.) 


In a previous report’ the effects of cotton emboli in the pulmonary 
arteries of the human and rats have been described. Later, Konwaler? 
and Jaques and Mariscal** reported the finding of cotton emboli in sev- 
eral human cases and Wartman, Hudson, and Jennings* published their 
results of the injection of filter paper particles into the pulmonary circu- 
lation of rabbits. Filter paper is composed of cotton with some linen 
added. Wartman and associates described a foreign body reaction lo- 
cated in the intima, media, or adventitia and believed that the fibers 
could pass through the wall or lodge within the wall of the artery. 

Based on the observation that cotton fibers did not produce arteritis 
when injected into the pulmonary arteries of the rat, it occurred to us 
that this material might be utilized in a study of the antigen-antibody 
reaction. By the injection of antigen-impregnated cotton into the 
venous circulation, antigen could be placed directly against the wall 
of the pulmonary artery of an animal previously sensitized to the same 
antigen; thus it would be possible to localize and study in greater de- 
tail any resulting vascular lesion. Accordingly the following experi- 
ment was undertaken. 


PROCEDURE AND METHODS 


Absorbent cotton was prepared for injection as previously described." 

Guinea-pigs were sensitized by the subcutaneous injection of 1.0 cc. 
of physiologic saline solution that contained 1 mg. of purified crystal- 
line egg albumin per cc. Four injections were given with an interval of 
3 to 5 days between injections. In the beginning, skin tests were done 
to determine the sensitivity of each animal so injected. The skin tests 
were later abandoned as it was noted that the animals were always 
rendered hypersensitive and also because no correlation was found 
between the degree of hypersensitivity and the intensity of the arteritis 
that was produced after the cotton was injected. 

Purified egg albumin was coupled to the disodium salt of 2 naphthol- 
3:6 disulfonic acid (R salt), according to the method described by 
Heidelberger, Kendall, and Soo Hoo.* The coupled R salt-egg albumin 
contained 13.2 mg. of egg albumin per cc. This preparation was used 


* Received for publication, March 20, 1954. 
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as the cotton seemed to be dyed by the solution and the color would 
give a rough index of the amount carried by the cotton. The physiologic 
saline solution in which the finely chopped cotton had been sterilized 
was withdrawn with a sterile syringe and then replaced with approxi- 
mately 2 cc. of the R salt-egg albumin solution. The cotton was allowed 
to soak in this solution, in a refrigerator, for periods varying from 4 
to 48 hours. The cotton assumed a deep purplish red color. Before in- 
jection into the animals the excess R salt-egg albumin solution was 
removed without disturbing the mass of cotton at the bottom of the 
tube and the R salt-egg albumin impregnated cotton was resuspended 
in 5 to 7 cc. of sterile physiologic saline solution. With this method, 
when 1 cc. of the saline solution containing suspended cotton was in- 
jected, there remained enough of the R salt-egg albumin attached to 
the cotton and free in the solution to cause mild shock in a few 
instances. 

Other sensitized animals were injected with sterilized cotton that 
had been soaked in physiologic saline solution containing 13.2 mg. of 
purified crystalline egg albumin per cc. The egg albumin solution was 
removed and sterile physiologic saline solution (5 to 7 cc.) was added 
to the cotton before injections were made. 

Under light ether anesthesia the jugular vein was exposed. One cc. 
of the saline solution containing the suspended cotton was injected into 
the vein. The wound was closed with interrupted sutures of silk. 

The animals were sacrificed at varying intervals 12 to 48 hours 
after being injected. Specimens of the various organs were fixed in 
Zenker’s solution without the addition of acetic acid or formalin and 
in 10 per cent formalin solution. Ten serial sections were cut from each 
block of lung embedded in paraffin; every other section of each series 
was stained with Weigert’s stain for elastic tissue and counterstained 
with hematoxylin and eosin. In some instances sections of lung were 
stained with Mallory’s phosphotungstic acid hematoxylin. Sections 
were made from other organs also. 


RESULTS 


Except for mild shock in some of the animals, the injections gave 
rise to no symptoms. The lesions produced were identical in the ani- 
mals that had been injected with cotton soaked in R salt-albumin solu- 
tion and in those that had received cotton soaked in the solution of egg 
albumin. 

The gross changes in the lungs were in direct relation to the amount 
of cotton injected. Tiny bright red hemorrhages were seen beneath the 
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pleura and at times on the cut surface; the greater the amount of cot- 
ton, the more numerous were the hemorrhages. 

After a lapse of 12 hours, lesions were found in the walls of the 
pulmonary arteries and arterioles. Adjacent to the cotton emboli, small 
segments of the media were necrotic. The necrotic muscle cells were 
swollen, deeply stained with eosin, somewhat rigid in appearance, and 
the nuclei had disappeared. The necrosis of the muscle was sometimes 
in the inner part of the media just outside the elastica interna, at other 
times in the outer portion of the media. In those arterioles in which 
necrosis was more extensive, it did not involve the media of the entire 
circumference. Foreign body granulomas were beginning to form about 
some of the cotton particles. Collected about these vessels, the walls 
of which were damaged, were large mononuclear cells, pseudo-eosino- 
phils, and variable numbers of extravasated red blood cells. 

At the end of 24 hours the lesions were more pronounced; the entire 
media was often necrotic near the cotton and medial necrosis was seen 
in arterioles that contained cotton about which no foreign body granu- 
loma had formed. Where granulomas had formed, the wall of the 
vessel was often stretched. The large mononuclear cells collected about 
the vessels were frequently spread apart by edema fluid, and beyond 
them were often hemorrhage and pseudo-eosinophils in variable num- 
bers. Large mononuclear cells were beginning to penetrate between the 
necrotic muscle cells. An occasional multinucleated giant cell was found 
among the other cells. 

When the animal was allowed to live 48 hours the arterial lesions 
were well developed. In many of the arteries and arterioles necrosis 
of the media was complete near the cotton, and about the vessel was 
the cellular reaction. The necrotic muscle was at times fused into a 
homogeneous mass; in other instances the necrotic muscle cells re- 
mained separate. The removal of the necrotic muscle of the media had 
progressed. The invading large mononuclear cells spread the necrotic 
medial cells apart and pushed them outward. In many of these vessels 
only a few fragments of the necrotic media could be found, in others 
no trace of the media could be discovered. The large mononuclear cells 
followed the direction of the medial cells and so they came to lie in a 
circular or concentric fashion, filling the space between the internal 
and external elastic lamellae. The lesions in a single animal were usual- 
ly not all of the same stage and it was frequently possible in a single 
section of lung to follow the progress of the arteritis from the early 
stage to that of replacement of the necrotic media by the large mono- 
nuclear cells (Figs. 1, 2, and 3). 
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In all of these damaged vessels it was clearly seen that the elastica 
interna was still intact, though it might be bent or pushed outward by 
a fragment of cotton indenting the wall of the vessel; it was not beaded 
or swollen. Fragments of the elastica externa were found but this layer 
is not normally so distinct as is the internal elastica. The endothelium 
had not undergone necrosis though it had often proliferated when a 
fragment of cotton lay against it. 

Some of the granulomas contained fibrin but it was not possible to 
demonstrate fibrin in the necrotic media nor in the surrounding zone 
of inflammatory reaction. Bacteria could not be demonstrated in sec- 
tions stained by Gram’s method. 

These lesions were found only at the sites where the cotton had 
lodged. The necrosis of the media extended a short distance proximally 
and distally to the cotton. At the various time intervals, some frag- 
ments of cotton were seen in vessels without any lesion in the adjacent 
media and with or without a granuloma. When the cotton had come to 
rest in the precapillary portion of the arteriole, the reaction usually 
was that of a foreign body granuloma. Large mononuclear cells col- 
lected about the vessel with an occasional pseudo-eosinophil, but this 
inflammatory reaction was much less intense than that about the in- 
volved arteriole. In one animal that received a very large injection of 
cotton, early infarction of a small area of the lung had resulted. 

The arteritis was not found in any organ other than the lung. 

In this series of 65 animals, arteritis was present in 38 (58.5 per 
cent). 

CoNTROLS 

The control series consisted of 44 guinea-pigs; 4 of these had been 
made sensitive to egg albumin and were injected with untreated sterile 
absorbent cotton. Forty animals were not sensitized: 4 received un- 
treated cotton; 25, cotton that had been soaked in the R salt-egg 
albumin solution; and 11, cotton that had been soaked in a solution 
of egg albumin. In many instances the same preparation of cotton was 
used for the injection of sensitized and normal animals. The control 
animals were allowed to live for 12 to 48 hours after injection. 

Arteritis was found in all groups of the control animals at the sites 
where the cotton had lodged in the pulmonary arterial system. This 
arteritis was, in every respect, similar to the arteritis in the sensitized 
animals that received cotton soaked either in the solution of R salt-egg 
albumin or in the solution of egg albumin (Figs. 4, 5, and 6). The 
arteritis was present in 25 of the 44 control animals (56.8 per cent). 
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Discussion 


There are obvious differences in the effect of emboli of cotton in the 
pulmonary arteries and its branches as seen in rats and in guinea-pigs. 
In the rat the reaction was that of formation of a foreign body granu- 
loma, without any demonstrable necrosis of the vessel wall. The 
granuloma was extruded through a rent in the wall of the arteriole 
and finally came to lie outside the vessel. The wall of the arteriole was 
restored by a new formation of connective tissue, a new elastica interna 
and, after several weeks, new muscle was being formed. In the guinea- 
pigs, the outstanding change was necrosis of the media of the arterioles 
and arteries that began 12 hours after the injection of cotton fibers. 
The necrosis appeared first in localized areas of the media, sometimes 
situated in the inner part, in other instances in the outer portion. Soon 
the necrosis involved the entire circumference of the media and ex- 
tended a short distance beyond the cotton. About the vessel a zone 
of edema frequently spread apart the accumulated large mononuclear 
wandering cells. Peripheral to these were extravasated red blood cells 
and pseudo-eosinophils, at times in large numbers. The experiments 
were not continued beyond 48 hours; therefore, no data are at hand 
as to the later changes in the vessel wall. 

It is apparent that there is no relationship between previous sensiti- 
zation and the arteritis, as an identical lesion was found in the control 
animals. Equally obvious was the lack of an association between the 
foreign body granuloma and the damage to the wall of the arteriole 
and artery. Numerous instances were observed of a fragment of cotton 
with associated necrosis of the media without any granuloma having 
been formed about the cotton. Except for some stretching of the vessel, 
no other detectable effect of the granuloma could be determined. 

The arteritis produced in the guinea-pigs by cotton closely resembles 
the description of the changes in the vessels in hypersensitive animals 
recorded by Gerlach® and in the experiments of Vaubel,® Masugi and 
Sato,” Rich and Gregory,* McKeown,’ Ehrich, Seifter, and Forman,” 
and Hopps and Wissler.* In these experiments protein substances 
were used as antigens. 

Arteritis has been recorded in experiments and case reports as the 
result of sensitization to chemicals, as, for example, iodine and sulfa 
derivatives (Rich,”* Lichtenstein and Fox,’ French,’* and More, Mc- 
Millan, and Duff**). 

Arteritis has been described also in experiments in which there ap- 
pears to be a relationship between hypertension and the arteritis 
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(Friedman, Jarman, and Klemperer,’® Selye and Pentz,’’ Smith, Zeek, 
and McGuire**). Byrom and Dodson® and Waters and de Suto- 
Nagy” concluded from their experiments that the hypertension need 
not be sustained but only to exist over short periods to bring about the 
arterial lesions. 

Conceivably, the injection of cotton could have raised the blood 
pressure in the pulmonary arterial system when the animal received a 
considerable amount of cotton that was widely distributed throughout 
the pulmonary arterial tree. However, in several of the animals the 
amount of cotton injected was very scant and it was necessary to study 
many sections of the lungs to find an occasional fiber. It would be 
difficult to maintain that so few fibers could have resulted in an in- 
crease of blood pressure in the pulmonary arteries and have caused the 
lesion. Furthermore, if these lesions were the result of an increase of 
blood pressure, it would be reasonable to expect that the arteritis would 
be found in vessels where cotton had not lodged; the arteritis, how- 
ever, was found only in the immediate vicinity of a piece of cotton. 

Byrom and Dodson” concluded that sudden overstretching of the 
vessel was important in the development of the arteritis associated with 
hypertension, the overstretched wall undergoing necrosis. The effect 
of localized overstretching of the vessel where the cotton lodged is 
doubtful. Granulomas at times had formed about the cotton fibers; they 
distended the lumen and stretched the vessel wall without any necrosis 
of the media. In contrast, a piece of cotton, without a granuloma, 
often was observed in the lumen of an arteriole; the vessel lumen was 
not widened, the wall was not stretched, and yet the media was ne- 
crotic. It is not likely that a possible increase of blood pressure or 
overstretching of the vessel wall could be responsible for the arteritis 
found in these guinea-pigs. 

An important question with relation to the arteritis is whether cot- 
ton or some of its products can be an antigen. Prausnitz”’ has stated 
that in byssinosis there was hypersensitivity to a substance that could be 
extracted from cotton dust. He believed that allergy was a factor in the 
disease. He also believed that the dust contained an unidentified irri- 
tant or toxic fraction that may be different from the fraction considered 
to be the cause of the hypersensitivity. Cayton, Furness, and Mait- 
land have concluded from their investigations that specific general- 
ized hypersensitivity is unlikely to be the cause of byssinosis and that 
the late reaction produced by the inoculation of the dried extract of 
cotton dust was almost certainly a direct toxic effect on the tissues. 

There is evidence that oxidized cotton may be an antigen. It has 
been shown that cotton may be oxidized by nitrogen dioxide to prod- 


ARTERITIS FROM EMBOLIC COTTON 1135 


ucts containing varying percentages of carboxyl. These would there- 
fore contain cellobiuronic acid units, separated by glucose, at intervals 
in the cellulose chain. Heidelberger and Hobby” noted a close rela- 
tionship between the polysaccharide of oxidized cotton and those of 
type III and type VIII pneumococci. They have demonstrated that 
extracts of oxidized cotton, at high dilutions, precipitated antipneu- 
mococcus type III and type VIII horse sera and that the oxidized 
cotton with 16 per cent carboxyl corresponds more closely in its im- 
munologic behavior to type VIII substance than to type III polysac- 
charide. 

The possibility was considered that oxidation of the cotton may take 
place during the preparation of absorbent cotton with the formation 
of the specific polysaccharide. The method of preparing absorbent cot- 
ton was carefully studied; oxidation of the cotton may take place 
during bleaching but this would be trifling. Should this arteritis be due 
to some antigenic material in the cotton, the reaction to it must be 
unusually rapid. There would have to be sensitization of the vessel 
wali, formation of antibody, reaction of antigen and antibody, with 
early necrosis of the media within 12 hours. Evidence is lacking that 
this reaction could take place in so short a period of time. 

As noted, there are some who believe there is a toxic fraction in 
extracts of cotton that has a direct effect on the tissues. To eliminate 
a possible toxic fraction some absorbent cotton was placed in a Soxhlet 
apparatus and extracted with water for 4 hours, then with isopropyl 
alcohol for 7 hours to remove any fatty or waxy materials remaining 
in the cotton. The cotton was then prepared and sterilized as outlined 
and when injected intravenously into 4 guinea-pigs the same arterial 
lesion was produced in the pulmonary arteries in 2 of the animals. 

If the arteritis was due to a toxic fraction of the cotton, it might be 
anticipated that the initial damage would be to the endothelium with 
the formation of a thrombus, and later the media might become ne- 
crotic. This, however, is not the sequence of events. The endothelium 
at the site of the arteritis does not appear to have undergone necrosis, 
and thrombi do not form. The absence of thrombosis about the cotton 
is one of the striking features of the lesions in the human, the rat, and 
the guinea-pig. The initial change in the arteries of the guinea-pig is 
necrosis of the media beginning in some instances in the inner part, at 
other times in the outer portion of this layer. A possible diffusible toxic 
substance in cotton, that may have a more damaging effect on smooth 
muscle than on endothelium, cannot be eliminated, though from these 
experiments no evidence to support this can be adduced. 

The removal of the necrotic muscle of the media by the large mono- 
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nuclear cell was unusually rapid and began after 24 hours. At the end 
of 48 hours, in numerous instances, the necrotic muscle had been com- 
pletely removed and the space, formerly occupied by it, was filled by 
large mononuclear cells, these latter cells being arranged as the muscle 
had been. McKeown® described the invasion of the necrotic media by 
mononuclear cells in hypersensitive rabbits and this is illustrated 
(Fig. 16) in the report of Ehrich, Seifter, and Forman.”® In our studies 
the experiments have not been continued for a sufficient time to indi- 
cate what may take place later in the restitution of the damaged media 
of the vessels. 
CoNCLUSIONS 

When injected into the venous circulation of guinea-pigs, cotton 
fibers produce lesions in pulmonary arteries, arterioles, and precapil- 
lary branches at the sites where the fibers lodge. 

Foreign body granulomas form about many of the particles of cotton. 

Necrosis of the media is found in the arterioles and arteries. This 
necrosis begins at the end of 12 hours. About the damaged arteries 
and arterioles large mononuclear cells and pseudo-eosinophils collect, 
and often red blood cells are extravasated. The necrotic muscle is rap- 
idly removed by large mononuclear cells and the removal is frequently 
complete at the end of 48 hours. The medial necrosis also occurs in 
vessels that contain cotton about which no foreign body granuloma 
has formed. It has not yet been determined what factor or substance 
is responsible for the arteritis. The lesion in the pulmonary vessels, 
induced by the cotton, closely resembles the arteritis that has been 
described in hypersensitive animals. 
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LEGENDS FOR FIGURES 


Each animal was sacrificed at the end of 48 hours. The sections were stained with 
Weigert’s elastic tissue stain and with hematoxylin and eosin. 


Fic. 1. Guinea-pig no. S4. Sensitized by the subcutaneous injection of purified egg 
albumin. Cotton soaked in R salt-egg albumin solution was injected into the 
jugular vein. The media of the pulmonary arteriole is necrotic at the site where 
the cotton has lodged. Large mononuclear cells have collected about the vessel 
and removal of the necrotic media has begun. There is a zone of edema about 
the vessel and beyond this some hemorrhage and pseudo-eosinophils. The 
elastica interna is intact. 131. (For comparison with Fig. 4.) 


Fic. 2. Guinea-pig no. $4. The lumen of the arteriole is distended by particles of 
cotton. The elastica interna is intact. The media is necrotic. About the vessel 
are large mononuclear cells and removal of the necrotic media has begun. The 
zone of edema is wide and in this area is some hemorrhage; at the periphery of 
this zone are a few pseudo-eosinophils and hemorrhage. X 131. (For compari- 
son with Fig. 5.) 


Fic. 3. Guinea-pig no. S4. About the cotton in the lumen of the pulmonary arteriole 
is a foreign body granuloma that distends the lumen. The elastica interna is 
stretched but unruptured. The necrotic media has been replaced by large mono- 
nuclear cells arranged concentrically between the internal and external elastic 
lamellae. There is only slight edema about the vessel and at the periphery of 
this area are many pseudo-eosinophils. X 147. (For comparison with Fig. 6.) 


Fic. 4. Guinea-pig no. 142. Non-sensitized control. Cotton soaked in R salt-egg 
albumin solution injected into the jugular vein. Except for a multinucleated 
giant cell near the vessel, the changes in the pulmonary arteriole are identical 
with those described in Figure 1. X 131. 


Fic. 5. Guinea-pig no. 155. Non-sensitized control. Untreated cotton was injected 
into the jugular vein. The changes in the pulmonary arteriole are the same as 
those described in Figure 2 except the edema about the vessel is not so marked. 
Est: 


Fic. 6. Guinea-pig no. 155. Non-sensitized control. The lesion in the pulmonary 
arteriole is identical with that shown in Figure 3. X 147. 


| | 
a 
| 


ARTERITIS FROM EMBOLIC COTTON 


| 1139 
L 2 
7 
a 4 
a 
XUI 


co 


p 

is 
St 

0! 

d 

th 

sv 
fe 

tic 
ce 

no 
sO 

of 
of 

bl 

re 

fo 
su 

an 
SW 

cif 

we 

te: 
co 
an 


RENAL DISEASE IN HYPERPARATHYROIDISM * 


A. D. Morcan, M.B., and N. F. Macracan, F.R.C.P. 
(From the Westminster School of Medicine, London, S. W. 1, England) 


The interrelation of renal disease, hyperparathyroidism, and gen- 
eralized osteitis fibrosa is still imperfectly understood. The present 
paper records three examples of different types of hyperparathyroid- 
ism, each associated with organic and functional renal changes: (1) 
secondary to chronic pyelonephritis and producing an extreme degree 
of osteitis fibrosa; (2) secondary to chronic pyelonephritis and pro- 
ducing, besides osteitis fibrosa, severe metastatic calcification; and 
(3) a primary parathyroid adenoma with secondary bony and renal 


h 
Report OF CASES 


CASE I. HYPERPARATHYROIDISM SECONDARY TO CHRONIC RENAL 
DISEASE PRODUCING SEVERE OSTEITIS FIBROSA 


H. F. was a male, 25 years of age. Four years earlier, while on active duty in 
the Army, he developed pain in the right thigh. Examination revealed a fusiform 
swelling of the left radius and a similar swelling in the upper third of the right 
femur. Roentgenologic examination of these bones showed expansion and rarefac- 
tion. Intravenous pyelography revealed very small kidneys which failed to con- 
centrate the dye. The blood pressure was 120/80 mm. of Hg and the fundi were 
normal. The urine contained small amounts of protein (38 mg. per 100 ml.) and 
some red cells. The biochemical findings, summarized in Table I, led to a diagnosis 
of hyperparathyroidism secondary to chronic renal insufficiency. 

For 3 years he remained reasonably fit and active. He then began to complain 
of backache, and roentgenograms showed a collapsed third lumbar vertebra. The 
blood urea had risen to 340 mg. per 100 ml., but clinically he was not uremic. He 
remained ambulant for another year, though limping slightly with his right leg. 

Six months later (i.e., 4% years after his first symptom) he entered the hospital 
for the last time. He was ill, anemic, and barely able to walk. For 2 weeks he had 
suffered from anorexia, vomiting, bad taste in the mouth, bleeding from the gums, 
and increasing drowsiness. The skeletal lesions had increased and he had a third 
swelling at the upper end of the right humerus. The peripheral arteries showed cal- 
cification radiographically. The blood urea was 580 mg. per 100 ml. At no time 
was there a record of abnormal blood pressure. The fundi were still normal. The 
testes were atrophic. His general condition deteriorated, and he died in uremic 
coma 2 weeks after admission. 


Necropsy Findings 


The body was that of a slightly built, poorly nourished young man, 
160 cm. in length. The chest was rachitic, with beading of the lower 
costochondral junctions. The cranial bones were 1.9 cm. in thickness, 
and of the type sometimes referred to as “Pagetoid.” The surface 


* Received for publication, March 2, 1954. 
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below the periosteum was rough and porous, and the pattern of cortex 
and diploé was destroyed, and replaced by a thick, uniform layer of 
osteoid tissue that a saw cut through as it would dry rot. The left 
radius (Fig. 1) and right femur were similarly affected, the whole bone 
being slightly pliable and compressible between the fingers. In addi- 
tion, the right femur showed a well marked coxa vara and a fracture 
just below a large “cyst” (i.e., cavity filled with soft tissue) 3.3 cm. in 


Taste I 
Biochemical Investigations in Case 1 * 


Normal 


values 10-7-46 | 8-11-48 |10-18-49|11-28-49 


Total serum calcium [Ca], mg./100 ml. Q-II 9.9 7.8 9.4 9.9 

Plasma phosphates [PO,], mg./100 ml. 374.5 5-3 8.8 7.2 8.5 ( 
Total serum proteins, gm./100 ml. 6-8 8.1 7.2 6.3 6.3 ; 
Alkali reserve, m.eq./I. 25-35 18 14 ( 
Blood urea, mg./100 ml. 20-40 177 340 495 580 ‘ 


Serum alkaline phosphatase in 

King-Armstrong units 3-13 26 49 41 44 
Urine protein, mg./100 ml. ° 38 40 60 
100% 


Urea clearance, % of normal 


Ionic serum calcium [Cat+]f 4.2575.25 4.0 3.2 4-5 4-7 
[Ca] X [PO,] 30-45 55 69 68 84 
[CA++] x [PO,] 14-21 21 28 32 40 


* Patient died December 3, 1949. 
+ Method of McLean and Hastings (1935). 


diameter. Roentgenograms of these specimens showed extreme rare- 
faction and loss of the normal lines of stress. 

Only two parathyroid bodies were found. The right upper showed 
hypertrophy (12 by 6 by 2 mm., 102 mg.). It retained the color, shape, 
and general pattern of a normal parathyroid gland, though greatly in- 
creased in size. The right lower gland (10 by 10 by 20 mm., 1110 mg.) 
was firm, white, and compact and macroscopically resembled an ade- 
noma (Fig. 2). 

The kidneys were both contracted and finely granular (combined 
weight, 85 gm.). The capsules were slightly adherent and the cortex 
greatly narrowed (Fig. 3). Radiopaque material lay along the line of 
the corticomedullary junction (Fig. 4). When cut across, several hard 
crystalline masses were found embedded in the parenchyma or sur- 
rounded by a soft brownish substance. On analysis, the calculi unex- 
pectedly proved to consist of calcium sulfate, while the brown 
substance was largely organically combined iodine, presumably re- 
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sulting from intravenous pyelography 2 years earlier. (Iodine content 
of kidney substance, 115 mg. per 100 gm.) 

The heart weighed 11 oz. and showed slight left ventricular hyper- 
trophy. The aorta, on the other hand, was hypoplastic. Some of the 
peripheral arteries showed medial calcification. The tonsils were ulcer- 
ated and contained calcareous deposits. The thyroid gland was pale 
and atrophic, the pituitary body enlarged (800 mg.), and the adrenal 
glands normal. Both testes were notably atrophic. The alimentary 
tract, liver, and pancreas showed nothing of interest. 


Histologic Examination 


Kidneys. The kidneys showed chronic pyelonephritis with retention 
of calcium sulfate (Fig. 5). Nearly all recognizable glomeruli showed 
varying degrees of fibrosis, from thickening of the basement membrane 
of Bowman’s capsule to complete hyalinization. Both large and small 
arteries were conspicuously thickened, but the afferent arterioles were 
involved only very occasionally. 

Superimposed was a deposit of transparent crystals (calcium sul- 
fate) in considerable quantities. These crystals resisted ordinary stains 
for calcium salts, but were anisotropic. Groups of small crystals were 
seen in the distal convoluted tubules, in some cases mixed with albu- 
minous débris. Similar deposits were seen in larger spaces, partly or 
wholly denuded of lining epithelium (Fig. 6). The largest crystalline 
masses were in the form of Small concretions embedded in dense 
fibrous tissue. 

These crystals were distributed largely along the boundary zone 
between cortex and medulla, and were not found in the glomeruli, dis- 
eased or healthy, nor in the collecting tubules of the medulla. Calcium 
deposits of the amorphous basophilic type were not observed. The 
anisotropic material presumably represented a glomerular filtrate 
which had crystallized out in the tubules as a result of resorption of 
fluid. Incapable of further passage in the urine, the crystals had led to 
blockage and distention of certain renal tubules. Degeneration and 
desquamation of the lining epithelium had occurred, and finally small 
concretions had formed, embedded in fibrous tissue. 

Parathyroid Glands. The hypertrophy of the right upper parathyroid 
gland was due wholly to chief cell proliferation, the cells being slightly 
larger than normal, in respect to both nuclei and the cytoplasm. Water- 
clear cells were not observed, and oxyphilic cells were few and widely 
separated. The gland had the same septate lobulation as a normal 
gland, but it differed in the complete absence of fat. Close inspection 
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of the apparently solid sheets of cells revealed an underlying alveolar 
pattern, in places frankly acinar; the lumina contained red blood cells, 
although the surrounding tissue was free of interstitial hemorrhage 
(Fig. 8). Several more compact foci were seen throughout, compres- 
sing the surrounding gland (Fig. 7). These appeared to be the “germi- 
native centers” of Erdheim. 

The “adenoma” of the right lower gland, despite macroscopic 
differences, was remarkably similar microscopically to the right upper 
parathyroid gland. 

Bone. In the left radius and right femur, the picture was that of 
advanced osteitis fibrosa (Figs. 9 and 10). Where hemopoietic foci 
had survived, they showed a normoblastic reaction, with prominent 
megakaryocytes. The “cyst” in the right femur contained fat, hemo- 
poietic tissue, and hemorrhage, but osteoclastomatous tumors were not 
observed. 

In the costochondral junctions bone and cartilage were splayed out 
along an irregularly interdigitating line of union, with osteitis fibrosa 
on the one side and irregular nodules of cartilage on the other. The 
appearances differed from true rickets, the cartilage cells being com- 
pletely disorderly and arranged in clumps as in a chondroma (cf. 
Brockman, 1927). 

The testes showed advanced atrophy of the seminiferous tubules. 
The interstitial tissue appeared to be increased, but this might have 
been a false impression due to a general relaxation accompanying 
shrinkage of the tubules. The epididymides, near the vasa, were nor- 
mal, but the ductuli efferentes in the first part were filled with aniso- 
tropic crystals, similar to those in the kidneys, but insufficient in 
quantity to allow chemical analysis. 

The increase in weight in the pituitary body was clearly attributable 
to hypertrophy of the pars anterior, where the eosinophilic cells were 
unusually prominent and showed an increase in cytoplasm rather than 
in numbers. The thyroid vesicles showed epithelial atrophy and in- 
creased colloid. 

The liver, spleen, pancreas, and adrenal glands were normal. 


CASE 2. HYPERPARATHYROIDISM SECONDARY TO CHRONIC RENAL 
DISEASE PRODUCING SEVERE METASTATIC CALCIFICATION 


L. H., a female splint-maker, died at the age of 22 after an illness of 2 years. 
Previous illnesses were scarlet fever at the age of 10, not complicated by clinical 
nephritis, and recurrent sore throats when she was 13. Since the age of 20 she had 
suffered from alternating periods of irregular bleeding and of amenorrhea. Six 
months after her first symptom, she developed nocturnal thirst and frequency. 
Three months later she noticed a lump over the back of the second right meta- 
carpal, which persisted for a few months and then disappeared; others followed 
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and remained. These began as tiny nodules below the skin, later becoming soft 
and cystic but not painful or tender, and interfering little with movement. 

The second year of her illness began with lassitude, dyspnea on climbing stairs, 
and frontal headaches, and she was admitted to Westminster Hospital for examina- 
tion. At that time she appeared ill, with pale mucous membranes, dry sallow skin, 
and furred tongue. The right middle and left index fingers showed slight clubbing. 
A remarkable feature was the presence of multiple subcutaneous swellings on the 
backs of the hands, around both wrists and elbows, over the front of each leg, on 
the thorax, and one, measuring 5 by 7.5 cm., over the vertebra prominens. Small 
shotty nodules, 1 to 2 mm. in size, were palpable in the cheeks and the forearms. 

The swellings on the backs of the hands were cystic and unattached to skin or 
tendons (Figs. 11 and 12). When the fist was clenched, small yellow plaques stood 
out from the rest of the skin. One dusky blue swelling collapsed after aspiration 
of serosanguineous fluid and did not recur; others remained stationary for weeks 
until a further phase occurred when they enlarged and became temporarily painful. 
The joints were unaffected till the late stages of the disease when the size of the 
swellings interfered with fine movements of the hands. 

The blood pressure on admission was 210/130 mm. of Hg, but the heart was not 
enlarged, and the fundi were normal. Chvostek’s and Trousseau’s signs were 
not elicited. The urine was pale, of fixed specific gravity of 1008 to 1010, and con- 
tained 350 mg. of protein per roo ml. Chemical study of the blood (Table II) 
showed gross nitrogen retention with high plasma phosphates and serum alkaline 
phosphatase, but with normal calcium level. The two calcium X phosphate products 
calculated were both well above normal limits. 

Following blood transfusion, the patient improved sufficiently to be discharged, 
but dyspnea and nocturnal frequency increased, the swellings in the hands enlarged, 
and new ones appeared over the lower ribs. Intermittent claudication of both legs 
occurred. On re-admission 1 month before her death, the blood pressure had fallen 
to 130/90, and the biochemical changes were accentuated. She died in uremia 
shortly afterwards. The changes in chemical findings in the blood during the 6 
months preceding death are recorded in Table II. The principal one was a gradual 


Taste II 
Biochemical Investigations in Case 2 * 

Normal 

values 7-6-42 | 87-42 | 9-21-42 | 1-21-43 
Total serum calcium [Ca], mg./100 ml. Q-IrI 9.1} 10.5 9.5 
Plasma phosphates [PO,], mg./100 ml. 374.5 6.0 7.9 8.3 
Total serum proteins, gm./10o ml. 6-8 6.0 6.6 6.3 
Alkali reserve, m.eq./I. 25-35 19 15 
Blood urea, mg./1oo ml. 20-40 242 198 281 
Serum alkaline phosphatase in 

King-Armstrong units 3713 58 44 32 

Urine protein, mg./100 ml. ° 350 + + 
Urea clearance, % of normal 100% 6% 3% 
Tonic serum calcium [Ca**]t 4.2575. 25 4-3 4.8 4-5 
[Ca] X [PO,] 30-45 55 83 79 
[Ca++] x [PO,] 14-21 26 38 37 


* Patient died February 2, 1943. 
t Method of McLean and Hastings (1935). 
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rise in the plasma phosphate level with increasing acidosis. The calcium X phos- 
phate products remained high throughout. The calcium and phosphorus balance 
was investigated in July, 1942, but no significant departure from the normal was 
observed. 

Necropsy Findings 

The body was that of a poorly nourished, undersized adult female 
with pale, puffy features. Irregular swellings about the hands and 
fingers and in the thoracic wall contained a creamy calcareous sub- 
stance. The skeleton was not deformed. The skull cap was uniformly 
thickened up to 1.5 cm. and showed the “Pagetoid” appearance re- 
ferred to in case 1. The inner ends of the clavicles, the vertebral bodies, 
and the pelvic bones showed similar softening, while costochondral 
junctions 1, 7, 8, and 9 on the left and 1 on the right were enlarged. 

The kidneys were regular in shape and reduced in size to 85 gm. 
each. The capsules stripped easily, revealing a finely granular surface. 
On section the cortex was reduced but the corticomedullary junction 
was Clearly defined. 

All four parathyroid bodies were enlarged (left upper, 16 by 8 by 5 
mm.; left lower, 20 by 15 by 8 mm.; right upper, 4 mm.; and right 
lower, 18 by 10 by 5 mm.). All were buff colored, but the left upper 
also contained darker areas. Their total weight was not recorded, but 
the combined weight of the left upper and lower bodies was 2.44 gm. 

The heart weighed 420 gm., due to left ventricular hypertrophy. A 
hard, calcareous mass was found in the ventricle in relation to the 
posterior mitral cusp. Both the coronary and systemic arteries showed 
patchy thickening and calcification. 

Other organs: The brain contained multiple small hemorrhages in 
the pons. The lungs, gastro-intestinal tract, liver, spleen, pancreas, 
pituitary, and adrenal glands showed nothing of note. 


Histologic Examination 


Kidneys. The kidneys showed diffuse fibrosis. Most of the glomeruli 
were in varying stages of fibrosis, as in case 1. The medullary tubules 
contained cellular and granular casts, while the mucosa of the calyces 
showed chronic ulcers. Thickening of the arteries was observed, with 
calcification of the internal elastic lamina in the larger ones, but the 
afferent arterioles were not affected. 

The striking feature was the presence of quantities of amorphous 
calcium salts, staining dark blue with hematoxylin. Throughout the 
cortex, calcium was deposited in the thickened capillary loops of effete 
glomeruli and in the fibrous ring replacing Bowman’s capsule (Fig. 
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14). It was not detected in the more healthy glomeruli, but was abun- 
dant in the distal convoluted tubules. It was not detected in the 
lumina, or in the cytoplasm of the degenerate lining epithelium, or 
along the line of the tubular basement membrane. Calcium was not 
observed in the collecting tubules. Non-staining anisotropic crystals 
were present in very small amount in the distal convoluted tubules, 
mixed with albuminous material or in the interstitial tissue. They 
bore little anatomical relation to the amorphous calcium salts, and 
their nature is unknown. These changes were interpreted as chronic 
pyelonephritis with metastatic calcification of the tubules. The calcium 
in the fibrotic glomeruli may be the result of the fibrosis and not the 
cause, i.e., increased serum calcium, incapable of filtration by the 
sclerotic tufts, had been deposited in their walls. 

Parathyroid Glands. Only the left upper parathyroid gland, and one 
of those on the right, were examined. The former showed, throughout 
half of its substance, chief cell hyperplasia incorporating a few small 
foci of oxyphilic cells and a nodule 1.5 mm. in diameter composed 
wholly of oxyphilic cells. The other half of the gland was an adeno- 
matous nodule 6 mm. in diameter, with columnar-celled acini, some of 
which contained red blood cells (Fig. 15). The right gland had the 
same features as the solid part of the left one. 

Bones. The changes in the bones were those of generalized osteitis 
fibrosa, as in case 1. 

Terminal Phalanges. Under the nail-beds the bone was expanded 
into a network of small cysts separated by fibrous septa. The proximal 
half of the phalanx showed osteoporosis only. 


CASE 3. PRIMARY HYPERPARATHYROIDISM DUE TO AN ADENOMA 
PRODUCING OSTEOPOROSIS AND RENAL INSUFFICIENCY 


The patient, an elderly married woman, attended Westminster Hospital inter- 
mittently over a period of 7 years up to the time of her death at the age of 70. 
When first seen she complained of breathlessness on effort, had edema of the ankles, 
and a blood pressure of 180/80 mm. of Hg. An electrocardiogram showed left axis 
deviation. Over the next 2 years she lost weight, and the skin became dry and 
pigmented. The blood pressure was then 210/110 and a catheter specimen of urine 
contained a small quantity of albumin and occasional red blood cells. The blood 
urea was 39 mg./1oo ml., the serum cholesterol 213 mg./100 ml., and there was no 
evidence of renal insufficiency. 

She continued to lose weight, and 6 years after the onset of symptoms she 
weighed only 83 lbs. She still had albuminuria and edema of the ankles and the 
blood pressure was 180/90. She developed a slow fibrillation and was admitted to 
the hospital with early cardiac failure. Blood urea at that time was 64 mg./1oo ml. 
and an intravenous pyelogram revealed distention of the renal calyces. Roentgeno- 
grams of the skeleton suggested the diagnosis of hyperparathyroidism. Chemical 
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examination of the blood (Table III) showed high serum calcium and alkaline 
phosphatase with low plasma phosphates and some impairment of renal function. 
The calcium X phosphate products were normal. These findings appeared to favor 
a primary adenoma with secondary renal involvement, and in view of the latter, 
Dr. Donald Hunter advised against exploring the neck, the prognosis in such cases 


Taste III 
Biochemical Investigations in Case 3 * 
Normal 
values 10-28-49|11-10-49| 12-90-49 | 7-28-50 |10-17-s0 
Total serum calcium[Ca], mg./100 ml. Q-I1 13.7| 14.4| 14.3] 19.2 
Plasma phosphates[PO,), mg./100 ml. 374.5 2.9 2.8 2.6 5.0 
Total serum proteins, gm./100 ml. 6-8 s.7 6.5 6.8 5-7 
Alkali reserve, m.eq./I. 25-35 
Blood urea, mg./100 ml. 20-40 64 61 39 157 
Serum alkaline phosphatase in 
King-Armstrong units 37-13 34 20 60 33 
Urine protein, mg./10o ml. ° 25 + 
Urea clearance, % of normal 100% 24% 
Ionic serum calcium Cat+ t¢ 4.2575.25 7.2 6.6| 12.0 
[Ca] X [PO,] 30-45 40 37 96 
[Ca++] X [PO,] 14721 aI 17 60 


* Patient died October 20, 1950. 

t Method of McLean and Hastings (1935). 
being poor. He further considered that the hypertension, though possibly due to 
renal involvement, was more likely to be coincidental. 

The patient improved sufficiently to be discharged, but returned 9 months later 
complaining of lethargy, coldness, and vomiting. The blood urea had risen to 157 
mg. and the serum calcium to 19.2 mg. per 100 ml., so that the calcium X phos- 
phate product was now raised. The symptoms increased in severity and the patient 
died in coma 3 days later. 

Numerous catheter specimens of urine over the last 5 years were always acid, 
contained albumin, occasionally red blood cells and pus cells, but never casts or 
crystals. On three occasions during the last year, lactose-fermenting coliform 
bacilli were isolated from catheter specimens. Earlier cultures were sterile. 


Necropsy Findings 


The body was that of an emaciated and elderly female, showing a 
brownish pigmentation of the skin. The hair of the scalp was falling 
out and the axillae and pubis were hairless. The skeleton showed gen- 
eralized osteoporosis, the bones being soft and spongy. Three parathy- 
roid bodies were found, the right lower and left upper being of normal 
appearance and dimensions. The right upper had the appearance of an 
adenoma and weighed 7250 mg. The cut surface was pale gray and 
contained a central cyst. There was no thyroid tissue. 
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The kidneys both showed granular contraction. The capsules were 
adherent to the surface, and on section gritty particles were encoun- 
tered in the corticomedullary zone. The liver showed a fine cirrhosis. 
The heart was dilated in all four chambers, the left ventricle being 
hypertrophied. The arteries showed general atherosclerosis. 

Death was due to bronchopneumonia. 

Histologic Examination 

Parathyroid Adenoma, In the plane of sectioning, two thirds of the 
tumor consisted wholly of chief cells, and it contained a large cyst, 2 
by o.5 cm. The other one third was almost wholly oxyphilic. Both 
areas were subdivided by thick fibrous septa, imparting a lobulated 
appearance. The chief cells were slightly larger than normal, and some 
had abundant non-staining cytoplasm, although smaller than the large 
water-clear cells of primary hyperplasia. Closer inspection of the chief 
cells revealed an alveolar pattern, which in places became frankly 
acinar with cubical cells arranged around lumina or small cysts con- 
taining an albuminous colloid substance. The large central cyst ap- 
peared to have been formed by confluence of smaller cysts. 

The oxyphilic portion was more homogeneous and without cysts. 
Small groups of chief cells were scattered throughout and the numerous 
transitional forms on the margins of these foci indicated a fundamental 
identity between the two cell types. At one edge of the section, com- 
pressed by an expanding nodule, was a thin rim of what appeared to 
be normal parathyroid gland (Fig. 16). 

Kidneys. The renal picture was that of chronic pyelonephritis. In 
the outer part of the cortex were fibrotic wedges of tissue showing 
glomerular atrophy and gross distention of the subcapsular spaces 
(Fig. 13), while the intervening convoluted tubules were reduced to 
small canals filled with albuminous fluid (Fig. 17). Large parts of the 
inner cortex were unaffected and the typical pattern of granular con- 
traction was not observed. A few of the small arteries were thickened. 
Basophilic amorphous calcium salts were present in moderate quanti- 
ties along the corticomedullary junction, affecting the distal convo- 
luted tubules and the loops of Henle. Deposits were seen in the lumen, 
mixed with epithelial débris, or, more frequently, between the tubular 
epithelium and its basement membrane. In places, the epithelium had 
sloughed, leaving naked calcareous deposits projecting into the lumen. 
The glomeruli did not contain calcium salts. A very few anisotropic 
crystals were seen, either in the lumina of the distal convoluted tubules 
or in their lining epithelium. This was interpreted as chronic pyelone- 
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phritis of fairly recent origin, presumably due to damage or blockage 
of convoluted tubules by metastatic calcification. 

Left Radius. The cancellous portion of the left radius showed osteo- 
porosis, the bony trabeculae being thin and widely separated by nor- 
mal fatty marrow. 

The liver showed fine cirrhosis with evidence of cell damage toward 
the periphery of the lobules. There was no intracellular pigment. 

The pars anterior of the pituitary gland showed hypertrophy of the 
eosinophilic cells similar to that of case 1. The spleen, pancreas, and 
suprarenal glands were normal. 


DIscussION 


Symptomless increase in the size of all four parathyroid bodies in 
association with various forms of chronic renal disease has long been 
recognized (Bergstrand, 1921; Pappenheimer and Wilens, 1935; Gil- 
mour, 1947). The increased weight in such cases is not more than 50 
to 100 per cent of the normal parathyroid weight. According to 
Albright and Reifenstein (1948), renal insufficiency leads to phosphate 
retention with a rise in blood phosphate and a consequent fall in blood 
calcium. It seems likely from animal experiments that the parathyroid 
glands undergo compensatory hyperplasia in response to the low blood 
calcium level (Drake e¢ al., 1937; Ham e¢ al., 1940; Duguid, 1942). 

Clinical hyperparathyroidism, however, is rare in chronic renal dis- 
ease. When it does occur, it is usually in children, adolescents, or 
young adults with a long history of renal insufficiency, and takes the 
form of osteitis fibrosa, with or without metastatic calcification. The 
renal insufficiency in such cases has been variously ascribed to con- 
genital lesions—renal hypoplasia or malformations of the urinary tract 
—or to some type of nephritis. The total parathyroid tissue may be 
100 times the normal weight. The course of events would appear to be 
an exaggeration of the effects described in the preceding paragraph, 
but in addition Snapper (1949) stressed the réle of prolonged acidosis. 

Good accounts of the bony manifestations—renal osteitis fibrosa or 
renal osteodystrophy, as the condition is now called—were given by 
Brockman (1927), Langmead and Orr (1933), Shelling and Remsen 
(1935), and Howard (1938). Most of these were in adolescents, but 
similar (if milder) lesions have been recorded in children, and even in 
infants in the first few months of life (Andersen and Schlesinger, 1942; 
Schellack, 1939). 

In another group of cases, again mostly adolescents. the bony 
changes were accompanied, or even overshadowed, by the deposition 
of large calcareous masses in the neighborhood of joints, as in the re- 
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ports of Hubbard and Wentworth (1920-21), Smyth and Goldman 
(1934), and Magnus and Scott (1936). Albright, Drake, and Sulko- 
witch (1937) recorded a case in a man 45 years old, and described the 
lesion as “the adult counterpart of so-called renal rickets.” In a re- 
view of published cases, Herbert et al. (1941) stressed the importance 
of a raised calcium X phosphate product in the blood in relation to 
metastatic calcification, and suggested the following sequence of events. 
Chronic renal disease leads to retention of phosphate, hyperphospha- 
temia, and hypocalcemia, as usual. If this state of affairs lasts long 
enough, parathyroid hyperplasia occurs, and the resultant hyperpara- 
thyroidism leads to mobilization of calcium from the bones, either 
initiating osteitis fibrosa, or aggravating already existent bone disease. 
The serum calcium is raised from its previously low level to normal or 
above normal; this, in conjunction with the pre-existing hyperphos- 
phatemia, raises the calcium X phosphate product, thus over-saturat- 
ing the blood and tissues and leading to metastatic calcification. 

A disconcertingly similar osteitis fibrosa, metastatic calcification, 
and renal fibrosis may also be found in primary hyperparathyroidism, 
due either to a tumor of one of the parathyroid bodies, or to primary 
hypertrophy of all of them. The excess of parathyroid hormone leads 
to hyperphosphaturia, hypophosphatemia, hypercalcemia, and hyper- 
calcuria, in that order (Albright and Reifenstein). A direct effect of 
the hormone on bone may also be concerned (Dent, 1953). Later, 
secondary renal damage may occur, causing phosphate retention and 
hyperphosphatemia. Both the calcium and the phosphate levels in the 
blood are now high, and metastatic calcification occurs, notably in the 
kidneys. There are three ways in which the kidneys may be implicated 
in primary hyperparathyroidism: (1) renal calculi, with or without 
chronic pyelonephritis; (2) nephrocalcinosis, in which the calcium is 
deposited in the substance of the kidneys (discussed later); (3) Al- 
bright and Reifenstein believed that hypercalcuria and hyperphospha- 
turia alone can damage the renal tubules, causing polyuria and 
polydipsia and simulating diabetes insipidus. 


Differential Diagnosis in Parathyroid Disorders 


It is thus apparent that there may be considerable difficulty in distin- 
guishing between chronic renal disease, causing secondary hyperpara- 
thyroidism, and primary hyperparathyroidism, causing secondary 
renal disease. The distinction is an important one, since primary ade- 
nomas usually call for surgical removal. Various differential diagnostic 
criteria have been formulated, clinical, biochemical, and pathologic. 
Clinical. Prolonged renal insufficiency in adolescents accompanied 
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by the stigmas of “renal rickets” (stunted growth, beading of costo- 
chondral junctions) suggests renal origin. Massive deposits of calcium 
below the skin appear to occur only in secondary hyperparathyroidism. 
A history of acute nephritis in infancy is usually lacking; and, more 
often than not, hypertension, cardiac hypertrophy, and changes in the 
fundi are absent. In primary hyperparathyroidism, on the other hand, 
renal function is initially normal, but insufficiency may develop later 
(see case 3). 

Biochemical. A very high serum calcium value (above 15 mg./100 
ml.) or a high serum calcium with low serum phosphate, suggests pri- 
mary hyperparathyroidism. In the secondary type the levels are re- 
versed, the phosphate being high and the calcium low in the early 
stages, though the calcium may rise later to normal or above, while 
the hyperphosphatemia is sustained (as in case 2). The urinary excre- 
tion of calcium is typically increased in primary hyperparathyroidism 
and normal or diminished in the secondary type. This is a particularly 
useful diagnostic feature, as it usually persists even in advanced cases 
in which the usual chemical features of the blood may have become 
obscured by secondary changes, as has been noted. 

Pathologic. Biopsy of one of the enlarged parathyroid bodies may 
yield valuable information, although it is questionable whether the 
differential diagnosis is as clear-cut as some accounts suggest. There 
are three broad types of enlargement (Albright and Reifenstein; 
Woolner, et a/., 1952): (1) primary tumor (adenoma, single or multi- 
ple; carcinoma); (2) primary hypertrophy; (3) secondary hyper- 
plasia in chronic renal diseases. 

Primary hypertrophy involves all four glands, and the microscopic 
picture of the uniformly large “water-clear” cells is so characteristic 
that it cannot be confused with any other type of parathyroid enlarge- 
ment. Its etiology is unknown (Albright, Drake, and Sulkowitch; 
Castleman and Mallory, 1935; Woolner, e¢ a/.). 

On the other hand, despite statements to the contrary, secondary 
hyperplasia, especially when one of the glands is conspicuously larger 
than the others (Gilmour) is not always readily distinguishable micro- 
scopically from a primary adenoma. This is illustrated in our cases 2 
and 3, in which the differences are rather in degree than quality. Thus, 
a secondarily enlarged gland might, from the biopsy specimen alone, be 
mistaken for an adenoma, and there are two cases in the literature 
(Johnson, 1939; Downs and Scott, 1941) in which this appears to 
have happened. 
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Renal Lesions in Primary Hyperparathyroidism 


Records are few and data scanty in respect to renal lesions in pri- 
mary hyperparathyroidism. Reference has been made to Albright and 
Reifenstein’s view that hyperphosphaturia alone can damage the renal 
tubules, in the absence of nephrocalcinosis, but this is based on clinical 
and chemical data plus negative roentgenologic appearances. The pre- 
cise nature of the renal damage is not known. 

Renal lesions hitherto demonstrated at necropsy have been asso- 
ciated with calcium deposits, either in the renal parenchyma 
(nephrocalcinosis) or in the form of calculi with or without chronic 
pyelonephritis, not specific in type and therefore not considered here. 

The interrelation of nephrocalcinosis and structural damage is not 
clearly understood. Albright, Aub, and Bauer (1934) stated that 
precipitates of calcium phosphate in the renal tubules lead to sec- 
ondary contraction and insufficiency, but they did not indicate how 
the lesion evolves. Anderson (1939) believed that calcification is pre- 
ceded by parenchymal damage, and that deposition of calcium salts is 
secondary to tubular necrosis. Calcareous deposits then accumulate in 
the interstices of the medulla, sometimes bulging into the lumina of 
the collecting tubules and causing further damage in the form of ob- 
struction, tubular distention, and cyst formation. 

Experimentally, nephrocalcinosis can be induced in animals by in- 
jecting parathyroid hormone (Hueper, 1927; Learner, 1929). In later 
experiments this has been followed by a type of granular contraction 
broadly comparable to that seen in human hyperparathyroidism 
(Chown, Lee, and Teal, 1936; 1937; Duguid, 1933-34; 1936; 1938). 
In human patients dying from uremia preceded by severe vomiting of 
gastro-intestinal origin, acute tubular degeneration and calcification 
are not uncommon. In a series of unpublished experiments on pyloric 
obstruction in rats causing calcium nephrosis, carried out by one of us 
(A. D. M.) in 1939, it was concluded that the calcium deposits and the 
tubular degeneration were not congruent changes, and although due to 
a common cause, were probably independent phenomena. 

Less is known about the late effects of calcinosis in humans, but in 
the light of the foregoing, our case 3 is instructive. The slow develop- 
ment of renal insufficiency was followed over a period of 5 years. At 
necropsy the kidneys showed calcinosis and an unusual type of patchy 
fibrosis. Hypertension was not a prominent factor and it is reasonable, 
therefore, to assume that the wedges of “chronic pyelonephritis” (to 
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use a much abused term for want of a better) were the result of pro- 
longed nephrocalcinosis. 


Renal Lesions Causing Secondary Hyperparathyroidism 


It is fairly obvious that, in the past, many cases were diagnosed as 
renal rickets which would today be called renal osteodystrophy (Snap- 
per) or renal osteitis fibrosa (Albright, Drake, and Sulkowitch). More- 
over, some authors have used the terms renal rickets and renal 
dwarfism interchangeably; though Evans and Evans (1950), while 
admitting their common etiology, reserved the term renal dwarfism for 
children in whom infantilism is predominant. It is thus clear that there 
is considerable overlapping, clinical and pathologic, between renal 
dwarfism, renal rickets, and renal osteodystrophy. There is justifica- 
tion, therefore, for considering the published literature on these three 
syndromes together. 

Barber (1926), in reporting 8 necropsies on cases of renal dwarf- 
ism, described the renal lesion as “pure interstitial nephritis.” Ellis 
and Evans (1933) recorded 14 necropsies in renal dwarfs, and in al- 
most every case, irrespective of age and sex, they found small fibrous 
and often granular kidneys, dilatation of renal pelves and ureters, and 
hypertrophy of the bladder. No obstruction to urinary outflow could 
be demonstrated, and the authors concluded that the lesions were due 
to a neuromuscular defect, probably congenital. The microscopic fea- 
tures of the kidneys were not recorded. 

Derow and Brodney (1939) briefly reviewed the literature on the 
renal lesions in renal rickets. These fall into three categories: (1) small 
fibrotic kidneys described as chronic glomerulonephritis, chronic inter- 
stitial nephritis, or chronic pyelonephritis; (2) congenital malforma- 
tions of the kidney (polycystic disease, renal hypoplasia); (3) 
obstructive lesions of the urinary tract (hydronephrosis, renal calculi, 
congenital dilatation of the ureters, collar-neck obstruction of the 
urinary bladder, congenital valves or deformities of the urethra, and 
even phimosis). 

Most authors who employ the term chronic nephritis do so with 
diffidence, stressing that the lesion is not identical with that of Bright’s 
disease (Greene, 1922; Hamperl and Wallis, 1933; Price and Davie, 
1936-37). Mitchell (1930) observed granular and fibrous kidneys in 
infants shortly after birth, and suggested intra-uterine inflammation as 
the cause. Coplin (1917) believed that congenital hypoplasia might 
render the kidneys liable to some form of nephritis. 

In recent literature, under the heading secondary hyperparathyroid- 
ism, the patients have generally been older, and the kidneys have 
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usually been described as small and fibrous, with a few small cysts and 
often with calcareous particles embedded in the parenchyma along the 
corticomedullary junction, with pelves, ureters, and bladder of normal 
dimensions (see cases 1 and 2). Hydronephrosis or hydro-ureter have 
been recorded (Smyth and Goldman, Hubbard and Wentworth, Shell- 
ing and Remsen). Polycystic disease has been found in adult cases 
(Gutman, Swenson, and Parsons, 1934; Nelson, 1937). The micro- 
scopic appearances have been described as chronic glomerulonephritis 
(Langmead and Orr; Magnus and Scott; Albright, Drake, and Sulko- 
witch; Snapper); chronic pyelonephritis (Shelling and Remsen); and 
congenital hypoplasia of the kidneys (Herbert e¢ al.). Congenital 
hypoplasia, however, is to some extent a hypothetic diagnosis, since 
the early stages of the lesion are seldom seen, and the original appear- 
ances are likely to be modified by superimposed calcinosis, just as 
fibrosis follows the calcinosis of primary hyperparathyroidism; indeed 
the differences between the fibrous calcinosis of primary and secondary 
hyperparathyroidism are not sufficiently striking to be of diagnostic 
value at necropsy. 

There are, however, other arguments in support of a congenital 
lesion. Besides polycystic disease and malformations of the urinary 
tract, congenital anomalies of other organs may be found at necropsy 
(Greene) ; and on several occasions the disease has afflicted two mem- 
bers of the same family (Barber, 1913; Bader, 1934; Chown, 1935-36). 

It may be noted that the father of the patient described as our case 
1 died of “kidney disease,” while the patient’s elder brother succumbed 
to chronic renal insufficiency at the age of 27. We are obliged to Sir 
Horace Evans and Dr. J. F. Smith of the London Hospital for detaiis 
regarding the brother. Over a period of years he had recurrent renal 
colic, albuminuria, a gradually rising blood urea, and mild hyperten- 
sion. At necropsy the kidneys were granular and contracted, and the 
calyces contained brown pultaceous material. A section shows changes 
similar to our case 1, though milder, and lacking the deposits of cal- 
cium sulfate. The bones and parathyroid glands were normal. 

To avoid possible confusion it should be mentioned here that a true 
“renal rickets” or osteomalacia may result from a renal tubular lesion 
as a result of impaired reabsorption of phosphate and/or bicarbonate. 
This condition is usually called renal acidosis or nephrocalcinosis 
(Fanconi, 1936; Lightwood, 1935; Latner and Burnard, 1950) and ap- 
pears to be quite distinct from the conditions already considered. The 
literature on this syndrome has been reviewed by Albright and Reifen- 
stein (1948), and more recently by Milne e¢ al. (1952) and Anderson 
et al. (1952). 
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Metastatic Calcification 


Both primary and secondary hyperparathyroidism can produce 
metastatic calcification upon occasion and the renal effects of this 
process have been considered. It seems reasonably certain that this 
tendency is associated with a rise in the solubility product for calcium 
phosphate in the serum, and much work has been done on the most 
suitable way of calculating this product from the comparatively crude 
serum estimations (Herbert et a/.; Albright and Reifenstein). We have 
used only two of the simplest procedures: (a) the crude product of 
plasma inorganic phosphorus and total serum calcium both expressed 
as mg. per 100 ml. (normal limits about 30 to 45 in adults, 40 to 60 in 
children); (b) the product of plasma inorganic phosphorus and 
ionized serum calcium, the latter being calculated from the total serum 
calcium and protein concentration by the nomograph of McLean and 
Hastings, 1935 (normal limits about 14 to 21 in adults, 19 to 28 in 
children). In our cases the second product gave a slightly better corre- 
lation with the clinical findings, as it was initially normal in cases 1 and 
3 with little calcification and was uniformly high in case 2 with much 
calcification. 

It is, of course, generally recognized that a high calcium X phos- 
phate product is not invariably associated with metastatic calcification 
and it is likely that such conditions must exist for a considerable period 
before calcification ensues. In addition, the state of acid-base balance 
may well be of significance. While calcification can occur both with 
acidosis and with alkalosis, the well known effect of acidosis in increas- 
ing the ionization of calcium salts and also the solubility of calcium 
phosphate need consideration. From existing information it is impos- 
sible to predict whether acidosis per se would favor calcification or not. 


SUMMARY 


Three cases of hyperparathyroidism associated with renal fibrosis 
in adults are described. The criteria for distinguishing secondary 
hyperparathyroidism from primary hyperparathyroidism causing renal 
disease are examined in the light of our own experience and of pub- 
lished cases. The following conclusions are reached: 

The macroscopic and microscopic appearances of a primary para- 
thyroid adenoma do not differ very sharply from some forms of 
secondary hyperplasia. 

Likewise the gross and microscopic findings in the kidneys do not 
differ greatly in the two diseases. Renal fibrosis in primary hyper- 
parathyroidism is probably secondary to metastatic calcification. 
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Renal fibrosis in secondary hyperparathyroidism generally is not 
due to glomerulonephritis. It is sometimes due to congenital causes, 
but the picture is confused by secondary calcinosis. 

Metastatic calcification is associated with a high calcium X phos- 
phate product in the serum but may also be influenced by disturbances 


of acid-base balance. 

Our thanks are due to Dr. W. E. Lloyd, Dr. S. P. Meadows, and Mr. H. E. 
Lockhart-Mummery for clinical data; for some of the necropsy findings we are 
obliged to Drs. R. M. Haines and G. D. Lumb. We are especially indebted to 
Dr. R. W. Parnell for the clinical notes on case 2, and permission to use photo- 
graphs. Dr. A. F. Hallimond, late of the Geological Survey and Museum, kindly 
reported on the crystals in case 1. We also thank Dr. Peter Hansell of the Medical 
Photography Department at Westminster Hospital, and Mr. J. F. Wilson for histo- 
logic preparations. 
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LEGENDS FOR FIGURES 


Fic.1. Case1z. Left radius cut longitudinally to show advanced osteitis fibrosa. 
Normal control above. 


Fic. 2. Case 1x. Thyroid gland and “adenoma” of right lower parathyroid gland. 
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Fic. 3. Case 1. Kidneys showing granularity and fibrosis. 

Fic. 4. Case 1. Roentgenogram of kidney showing radiopaque material (calcium 
and diodone) along the corticomedullary junction. 

Fic. 5. Case 1. Surface of kidney showing fibrosis. Hematoxylin and eosin stain. 
X 120. 

Fic. 6. Case1. Crystalline deposit in kidney, half polarized. Hematoxylin and 
eosin stain. X 120. 

Fic. 7. Case 1. Parathyroid hyperplasia, showing margin of ‘“‘germinative center.” 
Hematoxylin and eosin stain. X 160. 

Fic. 8. Case 1. Parathyroid hyperplasia, showing acinar pattern. Hematoxylin and 
eosin stain. X 150. 
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Fic. 9. Case 1. Lower end of radius, showing osteitis fibrosa. Heidenhain’s azan 
stain. X 2.4. 


Fic. 10. Case 1. Osteitis fibrosa, with osteoblastic and osteoclastic activity side by 
side. Hematoxylin and eosin stain. X I10. 


Fic. 11. Case 2. Periarticular swellings of hands. 


Fic. 12. Case 2. Roentgenogram of left hand, July, 1942 (left), and January, 1943. 
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Fic. 
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13. Case 3. Kidney showing wedge of fibrosis, with capsular distention. Hema- 
toxylin and eosin stain. X 60. 


14. Case 2. Kidney showing capsular fibrosis and focal calcification. Hema- 
toxylin and eosin stain. X 70. 


15. Case 2. Parathyroid hyperplasia showing acinar pattern. Hematoxylin and 
eosin stain. X 100. 


16. Case 3. Primary parathyroid adenoma. Eosinophile nodule compressing 
original gland. Hematoxylin and eosin stain. X 150. 


17. Case 3. Same kidney as shown in Figure 13, showing tubular atrophy and 
cyst formation. Hematoxylin and eosin stain. X 85. 
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MYO-EPITHELIUM IN GYNECOMASTIA * 


P. N. Karnaucnow, M.D. 


(From the Department of Pathology, University of Ottawa and Ottawa 
General Hospital, Ottawa, Ont.) 


Langhans,’ in 1873, first described the existence of myo-epithelial 
cells in the normal female breast. According to Eggeling,? Giinther,* 
Hamperl,* Maximow and Bloom,’ Smith and Copenhaver,® and others, 
these cells are found normally beneath the low-columnar epithelium 
of the lactiferous ducts. They lie within the basement membrane, 
placed spirally at short intervals with their long axes tangential to the 
circumference of the duct. The cytoplasm of these cells in most in- 
stances is sparse, elongated, and possesses fine fibrillations. When these 
fibrillated protoplasmic processes extend between and embrace the 
adjacent epithelium, such myo-epithelial cells are known as basket 
cells. The nuclei of the myo-epithelial cells vary, being oval, fusiform, 
or pyriform, and are intensely hyperchromatic. The latter property 
helps to identify them in routinely stained (hematoxylin-eosin or 
hemalum-phloxine-saffron) preparations. The most useful stain for 
demonstration of myo-epithelial cells is Masson’s hematoxylin-erythro- 
sin-saffron procedure, which stains their cytoplasm in varying shades of 
red. 

Proliferation of myo-epithelial cells in certain lesions of the human 
female breast was described in the later years of the nineteenth cen- 
tury by Jiingst’ and Dreyfuss,* and more recently by Masson,°® 
Giinther,* Hamperl,* and Kuzma.’® However, little information is 
available in the medical literature regarding myo-epithelium in lesions 
of the male breast. For this reason it was decided to study a series of 
cases of gynecomastia, in order to determine whether a myo-epithelial 
component is present in the ductal changes seen in this condition. 


MATERIALS AND METHODS 


The material for this study consisted of the paraffin blocks ob- 
tained from surgical specimens of breast tissue in 20 cases of gyne- 
comastia. Eighteen of these were operated upon in the Ottawa 
General Hospital in the period from January, 1950, to September, 
1953. Two cases came from another hospital. The ages of the patients 
varied between 13 and 70 years. In none was there evident cause for 
the gynecomastia such as testicular or pituitary tumor, cirrhosis of the 
liver, or a history of hormonal therapy. The blocks were re-cut and 


* Received for publication, April 12, 1954. 
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sections were stained by the hemalum-phloxine-saffron and the 
hematoxylin-erythrosin-saffron procedures of Masson, by van Gieson’s 
stain and by a modification of the silver impregnation method of Biel- 
schowski. However, van Gieson’s stain was found to be unreliable for 
the demonstration of myo-epithelium. 

The general microscopic appearance of the breast lesions conformed 
to Karsner’s™ description, and included such features as proliferation 
of the general stroma and about the ducts, proliferation of ducts with 
elongation and branching, and varying amounts of lymphocytic in- 


filtration. 
PROLIFERATION OF Myo-EPITHELIUM 


All the gynecomastic breasts in this series showed some degree of 
myo-epithelial proliferation, and in several it was marked. Its begin- 
ning was manifested by numerical increase of cells, their collection into 
groups, and change of their usual tangential position into an irregularly 
radial one. At this stage many myo-epithelial cells were seen lying 
between the cells of the ordinary ductal epithelium; their nuclei took 
diverse configurations, being rod-shaped, fusiform, pyriform, or cres- 
centic. One gained the impression that the myo-epithelial cells were 
trying to squeeze through the overlying epithelium toward the lumen 
of the duct. The cytoplasm of proliferating myo-epithelial cells some- 
times became voluminous and might show either coarse or fine vacuoli- 
zation. The proliferation of the myo-epithelium might be either pure 
or accompanied by proliferation of ordinary ductal epithelium and 
directed either toward or away from the lumen. The latter centrifugal 
type of proliferation was not common. The rate of myo-epithelial pro- 
liferation seemed to be rather slow and mitotic activity was absent. 
In the cellular groups or masses, during the active stages of myo- 
epithelial or epi-myo-epithelial proliferation, many cells were en- 
countered, which morphologically could not be classified as either 
epithelial or myo-epithelial. These cells have been described by Mas- 
son, who termed them cellules ambigues. 

In pure myo-epithelial proliferation the ordinary duct epithelium 
appeared to be resting, whereas the myo-epithelial cells showed a tend- 
ency to gather into groups. These groups were small at first and might 
be composed only of a few cells in close apposition, forming bush-like 
structures protruding into the lumina of the ducts. These myo- 
epithelial bushes varied in size, might be quite numerous, tended to 
coalesce, and might line the entire circumference of the duct. Further 
proliferation of these bushes caused formation of pure myo-epithelial 
intraductal papillomas and filling of the ductal lumina by irregular 
cellular masses. Groups of myo-epithelial cells might also be seen 
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either below the ordinary duct epithelium, which was heaped up by 
them, or above it as if crowning the latter. This represented a cen- 
tripetal type of myo-epithelial proliferation, which was common in the 
cases studied. 

The infrequent centrifugal myo-epithelial growth was represented 
by groups of myo-epithelial cells in the larger mammary ducts, which, 
while growing, expanded peripherally and pushed the basement mem- 
brane ahead of them. Silver impregnation showed some frilling of the 
basement membrane in these areas, but the membrane still definitely 
separated the proliferating cells from the surrounding periductal con- 
nective tissue. Proliferation of myo-epithelium quite often was accom- 
panied by proliferation of the ordinary duct epithelium, which very 
frequently was even more pronounced. This proliferation was always 
centripetal. This mixed proliferation resulted in the formation of epi- 
myo-epithelial papillomas. However, in my cases there was always 
more myo-epithelium than ordinary ductal epithelium in the mixed 
papillomas. The myo-epithelium, in spite of its slow rate of prolifera- 
tion, overgrew and outlived the ordinary epithelium, bringing the 
process to the same final state—ducts filled with masses of myo- 
tem REGRESSION OF Myo-EPITHELIUM 

In some of these cases remarkable atrophy of the ducts lined by 
myo-epithelium was noted. This atrophy probably followed either a 
simple replacement of epithelial lining of the ducts by myo-epithelium 
without marked previous proliferation, or gradual atrophy of the in- 
traductal masses of myo-epithelium after cessation of previous pro- 
liferation. Numbers of collapsed and atrophic ducts were seen within 
the dense fibrous stroma lined by a single layer of myo-epithelium 
only, as well as simple linear collections of cells without lumina. The 
basement membrane around these atrophic ducts and linear collections 
of myo-epithelial cells was still present but was fuzzy, appeared frilled, 
and was thicker than usual. Also small irregular myo-epithelial groups 
incorporated into the fibrous breast stroma resembled former ducts 
containing either papillomas or solid cellular sheets. These groups were 
surrounded also by argyrophilic fibers. The myo-epithelial cells in all 
these groups were mixed with cells which resembled fibrocytes, dis- 
played no fibrillation of their cytoplasm, but had the staining charac- 
teristics of myo-epithelium and were surrounded by argyrophilic 
fibers. 

DIscussION 

Myo-epithelial change in gynecomastia has attracted little attention 

in the medical literature. In Karsner’s™ excellent review of gyneco- 
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mastia, no mention is made of myo-epithelial proliferation. Weber” 
recognized the existence of myo-epithelium in mammary ducts of male 
breasts and stated that it is able to withstand pressure exerted upon 
the ducts by proliferating fibrous stroma longer than the ordinary 
epithelium. Kuzma,’ in a paper mainly concerned with myo-epithelial 
proliferations in the female breast, mentioned that similar prolifera- 
tions are seen in the ducts of gynecomastia. A study of the material 
here presented leaves no doubt that there is a large myo-epithelial 
component in the ductal proliferation encountered in this condition. 
Proliferation of myo-epithelial cells was seen either alone or with pro- 
liferation of the ordinary epithelium of the ducts, usually forming 
hyperplastic intraductal structures, but occasionally pushing in a 
centrifugal direction into the surrounding fibrous connective tissue of 
the breast. Such centrifugal proliferation did not break the basement 
membrane, but invariably pushed this structure ahead of the resulting 
cell masses. In no case was the proliferative pattern one which might 
be confused with malignant neoplastic change. 

The part played by myo-epithelial elements in regressive changes in 
gynecomastic breasts was important. When the ductal elements 
atrophied, haphazard groupings of myo-epithelial cells, embedded in 
fibrous tissue but surrounded by basement membrane representing 
ductal residua, were seen frequently. It appears, then, that in regres- 
sion of gynecomastic lesions, the myo-epithelial cells of the ducts 
persist longest but eventually undergo replacement by, or metamor- 
phosis into, fibrocytes and merge into the surrounding stroma. 

Little is established regarding the nature of myo-epithelial cells. 
Morphologically, they resemble smooth muscle cells in certain ways 
but are located with ordinary epithelium within the basement mem- 
brane of ducts. Eggeling* believed that myo-epithelial cells belong to 
the basement membrane, but Krompecher*® and Masson® classified 
them as epithelial. Masson, as has been mentioned, found certain cells 
within the lining epithelium of the lactiferous ducts in female breasts 
which he was unwilling to classify as either epithelial or myo-epithelial 
and termed them cellules ambigues. It is possible that these cellules 
ambigues represent a link between epithelium and myo-epithelium in 
an epi-myo-epithelial metamorphosis. Kuzma’ wrote that Eggeling? 
quoted Kolliker as having stated that “myo-epithelium has the faculty 
of very readily changing into epithelial cells and assuming the cuboidal 
morphology.” However, this statement is not found in the work re- 
ferred to. On the other hand, Maximow,"* while experimenting with 
tissue cultures of rabbit’s breasts, noted that the myo-epithelium pos- 
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sesses a definite tendency to undergo change into fibroblast-like cells. 
A similar opinion was held by Masson, who described transformation 
of the myo-epithelium into collagen fibers. Hamperl* traced the origin 
of mixed tumors of the breasts in dogs to myo-epithelium, and stated 
that he had seen, in two cases of carcinosarcoma of the human female 
breast, epithelial cells forming collagen fibers and ground substance. 
He concluded that there is no sharply defined difference between epi- 
thelium and mesenchyme. This may appear strange but there is an 
analogy with the generally accepted fact that the dilatator pupillae 
iridis is formed from epithelium (Arey,’* Maximow and Bloom®). Ac- 
cording to Hamperl, Maurer*® suggested the ectodermal origin of the 
smooth muscle forming the arrectores pilorum and the dartos tunica 
of the scrotum. From this emerges the rather speculative thought that 
myo-epithelium may represent a link between ectodermal and mesen- 
chymal elements. Certainly in these gynecomastic breasts there was 
an indefinite borderline on the one hand between proliferating epithe- 
lium and myo-epithelium in hyperplastic intraductal structures and on 
the other hand between myo-epithelium and fibrocytes in areas show- 
ing regressive change. 

The function of myo-epithelial cells, like their nature, is still a mat- 
ter of hypothesis. Maximow and Bloom® and others have suggested 
that they act in contractile fashion, like smooth muscle, to express 
secretion from the glands. Drash,'* according to Hamperl,* claimed to 
have seen contractions of myo-epithelium when following stimulation 
of the trigeminal nerve in frogs. Kuzma’ expressed the thought that 
they may act as endocrine receptors, transmitting humoral stimuli to 
the epithelium, and saw no evidence that they are secretory cells. In 
relation to the latter statement it may be noted that he mentioned 
vesiculated forms of myo-epithelial cells (unhappily terming them on 
this account basket cells—Korbzellen) without considering the possi- 
bility that such vesicles might indicate accumulated secretion. In 
Hamper!l’s opinion these vacuoles within the cytoplasm of myo-epithe- 
lium represent a degenerative change. 

That myo-epithelial cell proliferation plays an important part in the 
ductal hyperplasia of gynecomastia indicates that such cells, like ordi- 
nary ductal epithelium, are influenced by estrogenic hormones, since 
it is generally believed that relative or absolute increase in estrogen 
forms the basis of this condition. However, this study gives no clue as 
to the function of myo-epithelium in health or in disease. Neverthe- 
less, there are morphologic indications that ordinary ductal epithelium 
may undergo myo-epithelial metamorphosis with the cellules ambigues 
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of Masson representing an intermediate link in this myoid metaplasia. 
It seems also, that in regressive lesions a fibrocytic metamorphosis may 
take place. This morphologic variability suggests the existence of a 
similar functional versatility. It is possible that myo-epithelial cells, 
depending on their state and situation, may act as either secreting or 
contractile cells, subject to endocrine stimuli. 

Hamperl* and Kuzma”® have stressed that in cystic mastopathia in 
the female myo-epithelial proliferations have been confused with malig- 
nant change or have been given a precancerous significance. They indi- 
cated that buds of myo-epithelial cells proliferating into stroma or 
nests of myo-epithelial cells which have survived in areas of hyaline 
fibrosis may suggest malignant neoplasia. Non-neoplastic intraductal 
myo-epithelial proliferative lesions may be interpreted as malignant 
transformation in ordinary intraductal papillomas. While the possi- 
bility of the development of changes leading to errors of this type may 
exist, in the cases of gynecomastia studied no such lesions were seen. 
In areas of regression in gynecomastic breasts the presence of groups 
of irregular, densely-staining, myo-epithelial nuclei embedded in dense 
fibrous tissue, might puzzle those unfamiliar with their nature, but 
would be unlikely to be interpreted as cancer. 


SUMMARY 


Proliferation of myo-epithelium plays an important part in the 
ductal hyperplasia of gynecomastia. Myo-epithelial cells may prolifer- 
ate either alone or together with the ordinary ductal epithelium to 
form benign intraductal papillomatous growths. Proliferating myo- 
epithelial cells may also extend into the periductal connective tissue, 
forming benign outgrowths still confined by the basement membrane. 
When regression with ductal atrophy occurs in gynecomastia, the myo- 
epithelial cells persist after the ordinary epithelial cells have vanished 
and often remain as bizarre cell groupings embedded in dense fibrous 
tissue. None of these types of myo-epithelial activity is likely to be 
confused with changes of a malignant neoplastic nature. 
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LEGENDS FOR FIGURES 


1. Gynecomastia. A duct showing myo-epithelial cells (indicated by arrow) 
lying tangentially beneath the ordinary epithelium. Along the circumference of 
the duct “bushes” of proliferating myo-epithelium are seen. Hemalum-phloxine- 
saffron stain. X 415. 


2. Gynecomastia. A segment of the duct shown in Figure 1, from the area 
marked by the arrow. Four myo-epithelial cells lie in their normal positions 
between the ordinary duct epithelium and the basement membrane. Another 
myo-epithelial cell with a dark rod-shaped nucleus is lying radially, between 
ordinary epithelial cells. Hemalum-phloxine-saffron stain. 1010. 


3. Gynecomastia. A duct showing myo-epithelial cells proliferating in bush- 
like fashion. Many myo-epithelial cells are vacuolated. Hematoxylin-erythrosin- 
saffron stain. X 415. 


4. Gynecomastia. Small ducts showing pronounced proliferation of columnar 
epithelium. The darker, slender, myo-epithelial cells are seen between colum- 
nar epithelial cells, thrusting toward the lumina of ducts. The arrows indicate 
“crowning” of the columnar epithelium by myo-epithelium. Hematoxylin-eryth- 
rosin-saffron stain. X 415. 
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5. Gynecomastia. A duct lined by low columnar epithelium contains a broad- 
based papillomatous growth composed entirely of myo-epithelium. Hematoxylin- 
erythrosin-saffron stain. XX 415. 


6. Gynecomastia. Two ducts containing mixed epi-myo-epithelial papillomas. 
Hematoxylin-erythrosin-saffron stain. X 210. 


7. Gynecomastia. A large duct shows scattered myoepithelial “bushes” and 
areas of myo-epithelial proliferation directed into fibrous stroma. Hematoxylin- 
erythrosin-saffron stain. 210. 


8. Gynecomastia. A large duct lying within fibro-fatty tissue is packed by 
masses of myo-epithelium. Hematoxylin-erythrosin-saffron stain. > 210. 


g. Gynecomastia. Atrophic ducts reduced to clusters and linear streaks of 
myo-epithelium. Hematoxylin-erythrosin-saffron stain. 210. 


10. Gynecomastia. Atrophic duct lined by myo-epithelium and surrounded by 
a thick and frilled basement membrane. At one side of the duct a cluster of 
myo-epithelial cells is seen. This cluster is surrounded by disintegrating base- 
ment membrane. Hematoxylin-erythrosin-saffron stain. X 595. 
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A MICROSPECTROSCOPIC STUDY OF ARTERIOLES IN BENIGN 
AND MALIGNANT HYPERTENSION * 


P. O’B. Montcomery, M.D., and E. E. Murugan, M.D. 
(From the Department of Pathology, Southwestern Medical School of the 


University of Texas, Dallas, Texas) 

Various histochemical procedures applied to normal human and 
canine arterioles, acutely necrotic arterioles of the dog following bilat- 
eral nephrectomy, acutely necrotic arterioles of man in malignant 
hypertension, and hyalinized arterioles of man associated with be- 
nign hypertension have yielded similar results for the area of the me- 
dia.’ These observations were considered to support the previous stand, 
based on transitions detected by less precise methods of staining,** that 
the change within the arterioles in these various conditions is the result 
of injury and subsequent alterations of the smooth muscle of the media. 
In these discussions** it was appreciated that other changes contrib- 
uted to the ultimate lesion of arteriolar sclerosis, as for example the 
deposition of connective tissue elements within the various layers of 
the vessel wall, but the fundamental element in pathogenesis was con- 
sidered to be injury and alteration of smooth muscle. The purpose of 
the present paper is to present data obtained by microspectroscopic 
analyses of the same lesions studied histochemically in two previous 
reports,” which can be considered to give further support to the thesis 
that the hyalin of hyaline arteriolar sclerosis is derived mainly from 
the fusion of degraded products of smooth muscle of the media. 


METHODS 


The material from man and the dog considered herein was that pre- 
viously studied histochemically..* The human material consisted of 
the lesion of acute arteriolar necrosis in the kidney of a patient dying 
with classical malignant hypertension and of those of hyaline arteriolar 
sclerosis in the kidneys of 4 necropsied patients with classical benign 
hypertension. One of these had severe diabetes with nodular glomer- 
ular sclerosis. The normal or control human arteriole was obtained 
from the periadrenal fat of a young adult who died from trauma. The 
example of acute arteriolar necrosis of the dog was obtained from a 
hypertensive bilaterally nephrectomized dog maintained as previously 


* Supported by a grant from the U.S. Public Health Service, National Heart Institute. 
Presented at the Fifty-first Annual Meeting of the American Association of Pathol- 
ogists and Bacteriologists, Philadelphia, April 8, 1954. 
Received for publication, April 17, 1954. 
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described.? The normal canine arteriole was obtained by the sacrifice 
of a healthy adult mongrel dog. 

In each instance, one arteriole was studied in one frozen section of 
formalin-fixed tissue. The frozen sections were cut at approximately 
6 » and mounted unstained in glycerin on Vycor* slides with Vycor* 
coverslips. The arteriole to be studied was selected and brought into 
focus with visible light. By means of a grating monochromator} with 
a hydrogen arc source and reflecting quartz optics, monochromatic 
light at intervals of 5 my from 250 to 360 my was passed through the 
tissue section and the image recorded on S. A. No. 1 filmt held in a 35 
mm. gamma camera back. The exposure time for each wave length 
differed and was predetermined with a blank slide so that a constant 
background density of the film was obtained at all wave lengths. The 
photographs thus obtained represent comparative absorptions at vari- 
ous intervals and may be compared quantitatively for any one lesion. 
Since no effort was made to control accurately the thickness of the 
preparation or the distribution of the material within the lesion, one 
lesion could not be compared quantitatively with another. How- 
ever, the lesions could be compared qualitatively from the curves ob- 
tained by plotting the direct densitometric readings of the image as 
recorded by the film against the wave lengths of light. To obtain these 
readings the image of the lesion on the film at each wave length was 
masked and placed in front of a densitometer§ head while a constant 
source of visible light was passed through the film to the densitometer. 
Variations in the densitometer readings at various wave lengths thus 
represented variations in the absorption characteristics of the material 
photographed. By comparing the shapes of all the curves so obtained 
one could appraise the nature of the absorbing substances in each case. 


RESULTS 


Text-figure 1 is a composite graph of the curves of the normal and 
abnormal human and canine arterioles. The curves represent the film 
densities plotted against wave length in millimicrons. These curves 
show similar absorption patterns, which indicate a very high absorp- 
tion from 250 to 290 my. At the latter wave length all of the curves 
rise, indicating less absorption of the light at subsequently higher wave 
lengths. The height of the rise is not the same in all cases, although the 

* Vycor slides and coverslips from A. D. Jones Optical Company. 

ft Bausch & Lomb reficcting optics, grating monochromator with hydrogen arc light 
source. 


tS. A. No. 1 film from Eastman Kodak Company. 
§ Photovolt densitometer, Model 520M. 
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curves show a similar distribution from 290 to 350 mu. These data 
indicate that the absorption characteristics of normal human and 
canine arterioles, acutely necrotic human and canine arterioles, and 
hyaline human arterioles are similar from 250 to 350 my. 


KEY 
120} Acute necrosis inDog 
Acute r is in Human 
Hyaline sclerosis 
100 (Benign hypertension) 
Hyaline sclerosis (Diabetes) 
90) 
2 
i 60 
§ 70 
3 60 
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290 300 310 320 330 340 350 
Wave Length-Millimicrons 


Text-fig. 1. Microspectroscopic absorption curves for wave lengths from 250 to 350 mu 
for normal human and dog arterioles, acutely necrotic human and dog arterioles, and 
hyaline human arterioles. 


In the normal and the necrotic arteriole the main tissue concerned in 
the absorption pattern is the smooth muscle of the media. The finding 
that the hyalinized arteriole of arteriolar sclerosis has the same absorp- 
tion characteristics as its necrotic counterpart is considered an addi- 
tional indication of origin of the hyaline material from smooth muscle. 
This is demonstrated by Figures 1 to 6, which represent the absorption 
photographs of a hyalinized arteriole from case 4 of Montgomery and 
Muirhead? at 255, 285, 290, 295, and 345 my and visible light, respec- 
tively. Normal vessels, vessels with acute necrosis, and hyalinized 
vessels show essentially the same photographic pattern as indicated by 
the absorption curves reproduced in Text-figure 1. 

The precise chemical nature of the absorbing substances in each of 
the cases cannot be determined by an analysis of these absorption 
curves. Normal and abnormal! arterioles are known to contain a wide 
variety of substances, demonstrable by histochemical means, including 
lipids, carbohydrates, free carbonyl groups, protein-bound sulfhydryl 
groups, and free potassium; the normal vessels and the acute necrotic 


6 Complete absorption = 30 
260 270 | 
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arterioles contain acid phosphatase in addition, while the hyaline ar- 
terioles have not given this enzymatic reaction.” 

In this institution, normal arterioles, necrotic arterioles, and hya- 
linized and sclerotic arterioles have been studied by a battery of 
conventional staining procedures,** a battery of histochemical pro- 
cedures,!? and in the present study by microspectroscopic means. All 
of these approaches have yielded similar characteristics for the normal 
smooth muscle of the media, the acutely necrotic media, the subacutely 
necrotic media, and the hyalinized arteriole. Moreover, transitions be- 
tween isolated necrosis and hyalinization of smooth muscle fibers of 
the media, fusion of these altered fibers, and the ultimately hyalinized 
and sclerotic arteriole have been repeatedly detected and described. 
Transitional changes are by nature less precise, but, when coupled 
with the other more objective observations, the entire spectrum can be 
considered to support the view that the hyalinized substance of arteri- 
olar sclerosis is at least in part, if not mainly, derived from changes in 
the smooth muscle of the media. 


SUMMARY AND CONCLUSIONS 


The microspectroscopic absorption characteristics of normal human 
and canine arterioles, human and canine arterioles showing acute 
arteriolar necrosis, and human arterioles showing hyaline sclerosis 
were determined and compared by direct film densitometry. 

The absorption curves of these normal and abnormal arterioles show 
complete absorption from 250 to 290 pw. From 290 to 350 p» the curves 
show incomplete absorption and are qualitatively similar. 

These data support the view that the acute arteriolar necrosis of the 
bilaterally nephrectomized dog, the acute arteriolar necrosis of human 
malignant hypertension, and the hyaline sclerosis of human benign 
hypertension have a common pathogenesis related to alterations of 
the smooth muscle of the arteriolar media. 


We wish to thank Mrs. Ovia Walker for the photographs which appear in this 
article and for her technical assistance. 
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LEGENDS FOR FIGURES 


All illustrations show the same hyaline arteriole from case 4 of Montgomery 
and Muirhead,? in unstained formalin-fixed frozen sections. Magnification, 53 X. 
Enlargement, 150 X. Wave length used as indicated in the individual legends. 


Fic. 1. 255 millimicrons. 


Fic. 2. 285 millimicrons. 
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Fic. 3. 290 millimicrons. 


Fic. 4. 295 millimicrons. 


Fic. 5. 345 millimicrons. 


Fic. 6. Visible light. 
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THE ORIGIN OF SACROCOCCYGEAL PILONIDAL SINUSES 
BASED ON AN ANALYSIS OF Four HUNDRED SIXTy-THREE CASES* 


Orra N. Davace, M.D. 

(From the Department of Pathology, University of Michigan, Ann Arbor, Michigan) 

Pilonidal sinuses, with associated cysts or abscesses, have been recog- 
nized for over roo years; however, the recent war served to make 
physicians more aware of the prevalence and the importance of this 
condition. The articles written during the war years (1942-48) nearly 
equalled in number all that had appeared previously. Most of these 
papers were concerned with treatment and presented conflicting opin- 
ions as to the proper surgical procedure. This, however, has not been 
the only area of confusion. There has been no unanimity of opinion as 
to origin and pathogenesis. Most writers have agreed that these lesions 
arise upon a congenital basis but have disagreed upon the pathogenesis. 
Recent reports of similar sinuses in other regions have revived interest 
in earlier suggestions of an acquired rather than a congenital origin for 
sacrococcygeal pilonidal sinuses. 

In 1946 and 1948 Patey and Scarff** described a lesion on a barber’s 
hand with histopathologic findings identical with those of a pilonidal 
sinus. They concluded that pilonidal sinuses could not be explained 
fully on the usually accepted developmental basis but considered them 
to be acquired infective and foreign body granulomatous reactions to 
buried hair. In 1947, King* also suggested that pilonidal sinuses and 
cysts were results of infection and foreign body granulomatous reac- 
tion to hairs which were introduced into the sinuses from without. The 
example recorded by Ewing‘ in the same year was less convincing to 
that author. Recently, Downing® has described another example of 
pilonidal sinus of the hand in a barber who had expressed hair shafts 
repeatedly from a lesion of the right second interdigital space, an area 
in which hair follicles do not occur normally. Apparently, interdigital 
pilonidal sinus may be considered an occupational disease of barbers. 

Examination of such reports of pilonidal lesions in other than the 
usual area led me to reconsider the problem of the pathogenesis of this 
condition. There was a significant implication that the essential basis 
was acquired rather than developmental. Accordingly, a comprehen- 
sive review of the literature as to pathogenesis was undertaken and 


*Submitted in partial fulfillment of the requirements for a Master’s degree in 
Pathology. 
Received for publication, March 7, 1954. 
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pertinent information was extracted from an unselected series of 463 
cases on which microscopic sections were available. 


HisToRICAL REVIEW WITH REFERENCE TO ORIGIN AND PATHOGENESIS 


Anderson,° in 1847, apparently was the first to describe the condi- 
tion now known as pilonidal sinus, in a report on Hair Extracted from 
an Ulcer. In 1854, Warren’ gave a good description of such lesions and 
reported 2 cases. Later,® adding another case, he suggested a theory 
as to origin and a method of treatment. He believed that the condition 
began in a single follicle from a hair which became inverted and con- 
tinued to grow, forming a tangled mass. Constant pressure and mois- 
ture of the area “softened both the newly formed hair and epidermis 
cells surrounding the mouth of the follicle.” 

Hodges® was one of the first to consider a congenital basis in the 
pathogenesis of pilonidal sinuses. He believed three factors to be 
essential to their development: a congenital coccygeal dimple, abun- 
dant development of hair in the area, and poor local hygiene. 

Lannelongue’® demonstrated that the skin over the coccyx is tightly 
adherent in the embryo, and that, as the surrounding mesoblastic struc- 
tures increase in thickness, the natural result would be for the skin to 
be pulled in at this point, forming a dimple. Any exaggeration of this 
dimple would cause the formation of a sinus. Then, if the epithelium 
over the external opening proliferated, it would occlude the mouth, 
forming a cyst. Since epidermal epithelium lined the cyst, normal skin 
appendages could be found in the cyst. 

Tourneux and Herrmann” (1887) believed that the embryonic 
neural canal remains attached to the skin. As the fetus develops, the 
spine grows more rapidly than the surrounding tissues, and, as a result, 
the end pulls on the skin, forming a U-shaped epithelial cord around 
the tip of the coccyx. Normally, this portion of the cord atrophies and 
disappears after the fifth fetal month; however, occasionally it re- 
mains. Since it is composed of stratified squamous epithelium, it may 
develop a cyst or sinus containing the accessory dermal structures such 
as hairs and sebaceous and sweat glands. 

A few years earlier, Fére’* had stated, without elaboration, that 
pilonidal sinuses were slight defects in the coalescence of the super- 
ficial portions of the medullary folds in the sacrococcygeal region. This 
theory, which explained pilonidal sinuses on the basis of incomplete 
fusion of the lateral halves of the dorsum of the fetus, gained numerous 
adherents, including Sutton.” 

These basic hypotheses have been supported and somewhat modified 
by subsequent workers. Mallory’* examined the caudal end of seven 
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fetuses, 3 to 6 months old, and concluded that obliteration of the 
medullary canal takes place first and most completely at the level of 
the lower end of the sacrum and extends from this point in both direc- 
tions. He thought that pilonidal sinuses probably originated through 
incomplete obliteration of a previously existing canal; and, since these 
lesions extend upward and posteriorly, the medullary canal seemed the 
most likely place of origin. 

Bookman*® concluded that pilonidal sinuses were due to displace- 
ment of “dermal or dermoid” cells in the embryo during the process of 
fusion in the midline, with these cells assuming an abnormal location 
under the skin. Collection of epidermal products, as hair and sebace- 
ous material, results in the formation of a cyst. 

Stone?*"" stated that pilonidal sinuses must be regarded as special 
downgrowths of epithelium originating from the skin. He suggested 
that they may be a phylogenetic representation of the preen gland 
which is found in some species of birds. After detailed study of the 
human embryo, Fox?® concluded that pilonidal sinuses are derivatives 
of cutaneous ectoderm which has persisted after the period of normal 
ectodermal invagination has been completed. He stated that an analogy 
can be drawn, because of this mode of origin, between pilonidal sinuses 
and a special “scent” gland in the sacrococcygeal region of birds and 
amniotes. To him this suggested that they might represent a vestigial 
skin appendage developing at puberty, thus explaining the age inci- 
dence of the lesion. Somewhat along a similar vein were the conclu- 
sions of Kallet.’® He insisted that the concept that in the sacrococcygeal 
region there are present at birth embryonic remnants of a vestigial 
secondary sex gland which is activated at adolescence by the pituitary 
body better explains the clinical picture than the previously mentioned 
points of view. 

Of more recent writers, Gage*® was the chief proponent of the “‘neu- 
rogenic” theory, i.e., that pilonidal sinuses are due to persistence of the 
neurenteric or neural canal. According to this view, normally, in the 
caudal end of the embryo, the portion of the neural canal that is 
formed by the neural folds and lies between the skin and the coccygeal 
vertebrae is obliterated by cohesion of its walls. Failure to do so 
forms a cavity which may be connected to the skin by one or more 
sinuses. The lining of the cavity retains its capacity to produce primi- 
tive skin appendages and a rudimentary type of nervous tissue, if a 
connection with the spinal canal remains. He believed that the sacral 
dimple is the result of an anterior pull on the overlying skin by the 
caudal ligament as the coccyx grows downward and curves anteriorly. 
This latter idea on the origin of the sacral dimple was first described 
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by Oehlecker”! when he called attention to the relative absence of hair 
in the area, naming it the “sacral bald spot.” 

Most subsequent workers are of the opinion that pilonidal sinuses 
are congenital in origin, and are proponents of either the ectodermal 
invagination theory or the neurogenic theory. 

It was not until 1880 that the name “pilonidal” (pilus: a hair + 
nidus: a nest) was given to the lesion by Hodges.® Since then a variety 
of names have been applied. Some of the more common names are: 
sacral, coccygeal or sacrococcygeal infundibulum; dermoid, and der- 
moid fistula, sinus, or cyst; posterior umbilicus; post-anal dermoid; 
congenital dermal sinus, and sacrococcygeal ectodermal sinus. How- 
ever, pilonidal sinus is now the term most generally used. 


STRUCTURAL FEATURES OF SIGNIFICANCE IN PATHOGENESIS 


The sacrococcygeal pilonidal sinus consists of an acute or chronic 
inflammation of a localized area. A small opening is seen usually in 
the midline about 3.5 to 5 cm. posterior to the anal orifice, between, 
and usually concealed by, the buttocks. This opening, from which hairs 
may protrude, leads into an epithelium-lined sinus which is directed 
upward. There may be a bulbous ending to this single tract; or there 
may be a number of sacculations communicating with each other by 
way of the main tract or lateral tracts; or some of these may commu- 
nicate with the skin through other orifices. These sacculations vary in 
size and are usually filled with vascular pyogenic granulation tissue. 

By 1946, sixteen lesions resembling pilonidal sinuses had been re- 
ported which had dural connections in direct continuity with the filum 
terminale.** Two of these were associated with spina bifida occulta,?** 
and two were associated with meningitis.2*”* These cases are believed 
to be examples of congenital anomalies and not of true pilonidal sinuses. 
If Gage” correctly recognized glial tissue beneath the epithelial lining, 
his case, also, must have been a congenital anomaly. 

The presence of cutaneous appendages, as hair follicles, sebaceous 
glands and sweat glands (described first by Gussenbauer”’ in 1893, and 
by Crone* in 1917), as part of the epithelial lining has been asserted 
by various writers including Stone’*”* and Rogers and Hall.” Others 
have not been able to confirm these findings.’*:***° They have found 
areas of acute or chronic inflammation with numerous foreign body 
giant cells, some hairs without hair follicles, small islands of squamous 
cells either free or attached to the lining of the sinus, and squamous 
epithelium at the entrance of the sinuses. Oehlecker*’ made careful 
microscopic studies (including serial sections) but found no epithelial 
structures. It is difficult to explain the conflict of opinions on the pres- 
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ence of hair follicles and other accessory skin structures. This is a 
matter of objective observation and should have only one answer. Does 
it mean that those who claimed the presence of such structures attrib- 
uted to sinus epithelium and wall, structures which actually pertained 
to the surface epidermis? 

INCIDENCE 

Pilonidal sinuses are much more common than was supposed by 
earlier workers. This lesion is most common in early adult life—most 
reported cases occurring between the ages of 16 and 25 years.'®1%308 
It was once thought that the condition was rare in women**; but, re- 
cent studies have shown this is not the case.’*?**°*2 However, in most 
series the incidence in males is greater than that in females.***" 

It was not until 1934*° that a case was reported in a Negro. It had 
been believed that pilonidal sinus was a condition confined exclusively 
to the Caucasian race.*® In 1935, Breidenbach and Wilson* reported 
4 cases in Negroes in a series of 288 cases from Bellevue Hospital in 
New York City. By 1947, 21 cases had been reported.** It is interest- 
ing to note that in these reports the incidence is higher in females.** 

The occurrence of sacrococcygeal sinuses in identical twins has been 
reported by Goldberg and Bloomenthal,®* Mechling,*® and Fox.*! A 
familial incidence has been mentioned by Tendler**** and others.**** 


ASSOCIATED Et1otocic FActTors 


Many factors have been found to be more or less constant in cases 
of pilonidal sinus and have thus been designated as associated etiologic 
factors, or contributing causes. Two of these, hirsutism and poor local 
hygiene, were mentioned as early as 1880 by Hodges.® Later papers 
emphasized these and other factors, such as trauma and obesi- 
ty.?*.85.48-47 Kallet,’° in 1936, stressed adolescence as a factor asso- 
ciated with the development of pilonidal sinuses. 


MATERIALS 


A study series of 463 cases of pilonidal sinus was derived from the 
files of the Department of Pathology of the University of Michigan. 
Only the cases in certain years were used, but within those years the 
cases were unselected. All lesions were sacrococcygeal. The University 
Student Health Service supplied many cases; others were from Uni- 
versity Hospital and various outside hospitals submitting surgical 
material for diagnosis. Pilonidal sinuses occurred in a ratio of ap- 
proximately 1:500 specimens from other surgical procedures. 

The few cases which had been diagnosed as congenital dermoid 
cysts, epidermoid cysts, and meningocele were excluded. The micro- 
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scopic sections from all cases were re-examined, and all gross material 
submitted with a clinical diagnosis of pilonidal sinus during a period 
of 7 months was examined carefully as it was sectioned. 


RESULTS 


Incidence. Since the cases were unselected and consecutive within 
the years used, clinical data were often incomplete. As to incidence in 
respect to sex, there were almost exactly twice as many males (304) 
as females (149) among those of a stated sex. This difference is prob- 
ably unfairly weighted in favor of males because of male preponder- 
ance in the student body from which numerous cases were derived. 

The age distribution by quinquennia, expressed in case units and 
also as a percentage of those of stated age, is shown in Table I. In 


I 
Over-all Age Incidence 
Age in years No. of cases pe pho | Age in years No. of cases Jat 

o-5 3 °.9 36-40 16 5.0 
6-10 ° °.0 41-45 7 2.2 
4 46-50 2 0.6 
16-20 87 27.4 51-55 3 0.9 
21-25 110 34.6 56-60 3 °.9 
26-30 48 15.1 61-65 I 0.3 
31-35 32 10.1 66-70 2 0.6 
Total 318* 100.0 


* 68.68 per cent of total group of 463 cases. 


this series, 197 cases (62 per cent) occurred in the decade of 16 to 25 
years of age. This may be over-weighted to some extent by the student 
cases which were included, but the figures are in general agreement 
with those of others and the age distribution must be considered sig- 
nificant. 

In Table II, the distribution of both sex and age makes evident the 
somewhat earlier concentration in females. Cumulative percentages 
show that 38.8 per cent of the female cases occurred before age 21 as 
compared with 25.9 per cent in males before that age. The cumulative 
percentage for males is 60.3 before age 26; for females, 73.8. The 
earlier occurrence in females is believed to be significant and will re- 
ceive further attention in the discussion of the pathogenesis. 

Histopathologic Features. Microscopic examination revealed that 
the sinus opening on the cutaneous surface usually continued into a 
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deeper portion which, in many instances, showed cystic dilatation 
(Fig. 1). Often there was evidence of branching sinuses. A stratified 
squamous epithelial lining, of variable degrees of integrity, was found 
in 235 cases (51 per cent). Of the 463 cases, 334 (72 per cent) showed 


Taste II 
Incidence in Relation to Sex and Age 
Males Females 

Age No. of Per cent Cumulative No. of Per cent Cumulative 
groups cases of total percentage cases of total percentage 

o-5 2 1.0 1.0 I 1.0 1.0 

6-10 ° 0.0 1.0 ° 0.0 1.0 
II-I5 2 1.0 2.0 2 1.9 2.9 
16-20 50 23.9 25.9 37 35-9 38.8 
21-25 72 34.4 60.3 36 35.0 73.8 
26-30 30 14.3 74.6 14 13.5 87.3 
31-35 24 11.5 86.1 8 7.8 95.1 
36-40 13 6.2 92.3 3 2.9 98.0 
41-45 7 3-3 95.6 ° 98.0 
46-50 2 1.0 96.6 ° 0.0 98.0 
51-55 2 1.0 97-6 I I.0 99.0 
56-60 3 1.4 99.90 ° °.0 99.° 
61-65 I 0.5 99-5 ° 0.0 99.0 
66-70 I 0.5 I00.0 I 1.0 100.0 


Total number of known age and sex: 312. 
Total number of males of known age: 209 (66.99 per cent of total). 
Total number of females of known age: 103 (33.01 per cent of total). 


hair shafts, either lying loose in the sinus, embedded in granulation 
tissue, or persisting deep in relatively mature scar tissue. In all in- 
stances, the hair stained as does “dead” hair. 

A careful search was made for hair follicles which — be assigned 
to the wall of the sinus or cyst. In every instance in which follicles 
were present in the microscopic sections, it was evident that they 
belonged to the covering skin. The same was true of sebaceous glands, 
sweat glands, and arrectores pilorum muscles. 

Infection and inflammation had a part in producing the general 
pathologic picture. Where there was no evidence of a squamous epi- 
thelial lining, the sinus was found to be lined by vascular pyogenic 
granulation tissue (Fig. 4). Cellular infiltrations consisted of poly- 
morphonuclear leukocytes, lymphocytes, and plasma cells in varying 
proportions. Foreign body giant cells in association with dead hairs 
were a frequent finding (Fig. 2). In many cases there were large 
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mononuclear phagocytes containing blood pigment. Abscess forma- 
tion deep in the tissues was present in 28.7 per cent of the cases. 


DISCUSSION 


From the review of the literature it appears that most writers have 
assumed that a pilonidal sinus results from a developmental lesion of 
some kind, and that the disturbance of growth has taken place at an 
early stage of fetal life. Among the reasons given for these assump- 
tions are: (1) the presence in early fetal life of a connection of the 
skin with the neural canal; (2) the occasional presence of a deep 
sinus extending into the vertebral canal; (3) the occurrence of sacro- 
coccygeal dimples; (4) the midline site of most sinuses, and (5) the 
presence of hair in the sinuses. 

That a lesion such as a pilonidal sinus might well be associated 
with a deviation in anatomical structure is an obvious consideration. 
What is less obvious is that such a change, of which the results often 
are apparent only in adult life, must necessarily have occurred in the 
embryonic or fetal period. Hence it becomes necessary to examine 
more closely the arguments for the congenital origin of pilonidal 
sinuses. 

1. Any anatomical structure or aggregation of tissues is significant 
only for a particular stage of development. The occurrence of a neu- 
rocutaneous communication in fetal life can be correlated intimately 
with skin lesions in postnatal life only by assuming that during all the 
changes which take place in the region of the neurenteric canal a part 
of this tract is relatively unaffected. Study of the stages of growth 
shows how completely earlier structures are changed into, or replaced 
by, entirely different ones. Moreover, the usual pilonidal sinus does 
not have tissue like that of the neurenteric canal nor does it approach 
the vertebral canal. There is little resemblance between spina bifida 
and pilonidal sinus. The former is present at birth. They occupy dif- 
ferent sites, and the tissues involved are different. 

2. Sinuses communicating with the spinal canal have been observed 
in the cervical and dorsal regions as well as in the lower portion of 
the vertebral column. Yet lesions comparable to the sacrococcygeal 
pilonidal sinus are not found in the superior regions. 

3. Sacrococcygeal dimples are found in some infants, but no rela- 
tionship to pilonidal sinuses has been observed. On the other hand, 
dimples are seldom found with sinuses* and at no stage of their devel- 
opment do pilonidal sinuses show morphologic similarities to dimples. 
A dimple with its smooth sloping edges and shallow base is quite dif- 
ferent from the “pit” of a sinus, and it is always present at birth. The 
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sinus arises in tissues previously normal during childhood. However, 
there is no reason why a sinus might not develop within the area of a 
dimple, but evidence of a direct etiologic association is lacking. 

4. The midline location of most sinuses has appeared to support the 
view of congenital origin on the ground of incomplete midline fusion 
of the lateral halves of the body. However, not all pilonidal sinuses 
occur in the midline’***; those which do not cannot be explained by 
this hypothesis. 

5. The presence of hair in pilonidal sinuses and cyst is characteristic 
and is the particular feature which justifies the term in diagnosis. It 
was the presence of hair which attracted attention to the condition 
originally® and which was responsible for the terminology applied to 
it. It is surprising to find that almost all writers subsequent to Ander- 
son, Hodges, and Warren have assumed that the hairs arise locally, 
disregarding a possible extraneous origin. That the hairs do not arise 
from the sinus becomes quite clear when they are removed and 
examined. Hodges® remarked: “The hairs . . . are always short, with- 
out bulbs.” Sometimes a root is found, but then the root-end may be 
found to protrude from the mouth of the sinus. Warren,® in 1867, even 
described the hairs as being “inverted.” 

Microscopically, hairs embedded deep in the sinuses are found to 
lie free in granulation tissue or scar tissue. They may be surrounded 
by foreign body giant cells. Hair follicles are never found in the walls 
of sinuses. These facts indicate that the hairs cannot come from within 
the sinuses, but are introduced from without. Such hairs might be 
broken off or shed locally, or they might be hairs from the back which 
had been shed and had then passed down between the buttocks. 

The recognition of interdigital pilonidal sinuses as an occupational 
disease in barbers and the report of occasional examples since 1946 is 
obviously of prime importance in understanding the pathogenesis of 
the similar sacrococcygeal lesions. 

In view of the objective evidence and other considerations as out- 
lined, it seems that the theory of Patey and Scarff,? which explains 
pilonidal sinuses on an acquired, non-developmental basis, is better by 
far. In outlining a possible explanation for the occurrence of the 
lesions in both the postanal region and in the webs of the fingers, they 
divided its development into two phases: (1) an initial phase in which 
organisms are introduced into the tissues, there giving rise to the in- 
fection leading to sinus formation; and (2) the entrance of hairs into 
the sinus to produce the foreign body granulomatous reaction. Subse- 
quent epithelization of the sinus from the surface may or may not 
take place, as is true, also, for the secondary abscesses and sinuses 
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which may form. From experiments on the possible methods of the 
introduction of hair into a narrow orifice, Patey and Scarff? came to 
the conclusion that the hairs in pilonidal sinuses are sucked in by 
negative pressure and are not pushed in. They believed that in the 
webs of the fingers and near the postanal cleft, negative pressures are 
readily produced; in the webs of the fingers by the alternating tauten- 
ing and loosening of the tissues during movements of the fingers, and 
near the postanal cleft by the alternating pressure and relaxation of 
the soft tissues against the coccyx and sacrum during sitting. This 
mechanical factor has been recognized by army physicians who have 
called pilonidal sinuses “jeep disease.”** The absence of negative pres- 
sures in other areas, even a short distance away from the postanal 
cleft, may explain why anal and ischiorectal abscesses show no tend- 
ency to become pilonidal. 

The closeness of the buttocks, constant friction of skin and cloth- 
ing, the accumulation of desquamated epithelium, hairs, and sebaceous 
material, and possible carelessness in personal hygiene make it easy to 
understand why the internatal region may be peculiarly vulnerable to 
the formation of crypts as a result of skin inflammation. Once formed, 
the negative pressure of the area may literally “aspirate” hairs into 
the pit. 

Notwithstanding the experimental investigations by Patey and 
Scarff,? the question may well be raised whether an inflammatory sinus 
or pit is necessary for the introduction of the first hair. Pilonidal 
sinuses develop where the skin is continuously moist and where there 
is no horny layer. It seems possible that a short, stiff hair might be 
forced through the macerated epidermis mechanically, to be followed 
by infection, inflammation, an actual sinus, and the eventual drawing 
in of enough hairs to constitute a small tuft. The use of dry paper in 
personal cleansing after defecation may be one method by which hairs 
can be forced through the epidermis. Dr. K. C. Samuel*® of the De- 
partment of Pathology of Sawai Man Singh Medical College, Jaipur, 
India, has stated that in his surgical material sacrococcygeal pilonidal 
sinuses are very uncommon. Personal cleansing after defecation is by 
ablution and toilet paper is never used by the native population. While 
this suggestion is only hypothetic, there must be some explanation for 
the geographic difference in incidence. Dr. Samuel is certain that the 
reason is not to be found in any racial dissimilarity in hairiness. 

That females reach puberty earlier than males and that the sex hor- 
mones play a large part in the regulation of the growth of body hair 
and secondary skin structures may be concerned with the earlier ap- 
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pearance of pilonidal sinuses in females. With the onset of puberty 
there may be a relatively greater concern over personal cleanliness and 
greater mechanical friction from clothing in women than in men. 

Hirsutism is much more common in males. Males also lead more 
active lives, in occupation, sports, and military service. They are less 
concerned with bodily cleanliness and, in general, may be assumed to 
have a greater accumulation of shed hairs and other detritus in the 
postanal region. These seem to be important reasons for the greater 
incidence of pilonidal sinuses in males. 

It is less easy to explain the concentration of pilonidal sinuses in 
the period between the ages of 16 and 35. It seems not entirely ade- 
quate to note that these are the years of the rapid development of hair 
along with increased sebaceous gland activity, and also the years of 
increased physical activity. It may well be that those who, by personal 
habits and by character of hair and of epidermis, are proper subjects 
for acquiring a pilonidal sinus will have done so by age 35. 


SUMMARY AND CONCLUSIONS 


Study of a series of 463 cases of pilonidal sinus established that, as 
compared to other surgical specimens, the incidence was roughly 1: 500 
in the material examined. The lesion is more common in males than 
in females and usually becomes apparent during the second or third 
decade. The frequency distribution as to age and sex shows that pilo- 
nidal sinuses tend to appear about 5 years earlier in females than in 
males. 

The pathologic picture is that of an acute or chronic inflammatory 
dermal sinus which contains dead hairs in about three fourths of the 
cases. Hair follicles are never found in the walls of these sinuses. 

A review of the literature and correlation of the objective informa- 
tion with the various theories of pathogenesis has led to the rejection 
of the commonly accepted developmental or congenital theory in favor 
of the opinion that sacrococcygeal pilonidal sinuses and abscesses are 
acquired. The recognition of similar pilonidal sinuses of the interdigital 
web as an occupational disease of barbers provides strong evidence for 
a similar mode of origin for the more common sacrococcygeal lesions. 


ADDENDUM 


The careful study of the interdigital sinuses of barbers’ hands by Currie, Gibson, 
and Goodall ®° was noted after this paper had been accepted. These authors reported 
11 new cases of this occupational disease, bringing the total described in the literature 
to 29. They emphasized the importance of short, sharp hairs in causation and of 
personal hygiene in prevention. They prefer to restrict “pilonidal sinuses” to the 
postanal or perineal lesions and to designate the condition described by them as 
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“interdigital sinuses of barbers’ hands.” In the same journal, Hueston®! discussed 
the pathogenesis of pilonidal sinuses of the sacrococcygeal region and concluded that 
they are acquired lesions of foreign-body type due to the penetration of short stiff 
hairs. 
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LEGENDS FOR FIGURES 


Fic. 1. The dilated fundic portion of this epithelium-lined tract is nearly filled with 
dead hairs. The epithelium is intact. No hair follicles or other accessory epi- 
dermal structures are present. Hemalum and eosin stain. X 33. 


Fic. 2. About twenty-five dead hairs lie nearly parallel in this pilonidal sinus. The 
epithelium produces abundant keratohyalin which is desquamating into the 
lumen. There are no hair follicles. Hemalum and eosin stain. X 110. 


Fic. 3. Early foreign body giant cell reaction around dead hair shafts in the granu- 
lation tissue lining a pilonidal sinus. Hemalum and eosin stain. X 110. 


Fic. 4. Dead hair shafts surrounded by newly formed connective tissue in the 
lumen and wall of a pilonidal sinus. Hemalum and eosin stain. X 110. 
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cerebral cortex. (Robins and Smith: May-June) : 

——Studies on lipidosis of the central nervous system. (Aronson “and 
Volk: May-June) 

——The nature of gliomas as revealed by animal experimentation, 

(Zimmerman: May-June) 

The relation of the renal lesions to the cerebral lesions i in the tuber- 
ous sclerosis complex. (Inglis: July-August) 

Breast—Cystic hyperplasia of endometrium and... in ‘mice with yt 
adenomas. (Sommers, and Burt: 
une) . 

Internal mammary lymph node ‘involvement i in primary carcinoma 


radical studies. (Stanton and Wyatt: May- 
une 

Myo-epithelium in gynecomastia. " (Karnauchow: November-De- 
cembcr) 


Bronchial adenoma with distant metastases. (Friedman, Bellamy, “and 
Rabin: May-June) 

Bronchial arteries—The application of an induced pulmonary ‘arterial 
collateral circulation as possible collateral blood supply to the heart. 
(Bloomer, Stern, and Liebow: May-June) . 

Bronchus—A typical proliferations of bronchiolar epithelium. " (King: 
May-June). 

—Bronchial adenoma with distant metastases. “Friedman, Bellamy, 
and Rabin: May-June) . 


Calcification—Familial occurrence of “idiopathic” . . . of cerebral cap- 
illaries. (Bowman: January-February) 

Calcium—The effect of ... . and other cations on the viscosity of the cyto- 
plasm of Ehrlich’s ascites tumor cells. (Nishimura, Di Paolo, a 
Hill: May-June). . 

Camphor poisoning: anatomical and pharmacologic study; report ‘of a 
atal case; experimental investigation of protective action of bar- 
biturate. (Smith and Margolis: September-October) , 

Carbon tetrachloride—Fulminant ... ihaeiaes (Jennings and Wart- 
man: May-June) 

Carcinoid—The syndrome of intestinal... with massive hepatic me- 
tastases and endocardial fibrosis with tricuspid and pulmonic 
stenosis: its recognition and significance. (Rambo, Gore, Vance, 
and Brown: May-June) 

Carcinoma—Comparison of nuclear size and nuclear-cytoplasmic ratio 
in intraepithelial and invasive ... of the cervix uteri. =e 
May-June) 

——Internal mammary lymph node involvement in primary. Of 
a radical mastectomy studies. (Stanton and Wyatt: May- 

une) . 

ae orphologic aspects. ‘of the transition from intra-epithelial to in- 

vasive. . . of the uterine cervix. (Fennell: Beng 28. 
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Preinvasive ... and precancerous metaplasia of the cervix. A se- 

rial block survey. (Carson and Gall: January- February) 

Cardiac lesions produced experimentally in animals given crystalline 
streptococcal proteinase intravenously. (Kellner and Robertson: 
May-June) 

Cardiovascular and smooth muscle lesions i in the course of experimental 
nephropathy. (Churg and Lehr: May-June) ‘ 

Carotid body—A presumably benign tumor and a proved malignant tu- 
mor of the. (Goormaghtigh and Pattyn: July-August) 

—Chemodectoma (non-chromaffinic paraganglioma) of the... with 
distant metastases. With illustrative case. en January- 

Cat—The cultivation of equine ‘abortion virus in ... tissue im vitro. 
(Randall, Turner, and Doll: November-December) 

Cerebroretinal degeneration—Histochemical studies on the cerebro- 
retinal degenerations and other aK metabolic disorders. mies 
and Freiman: May- June) " 

Cervix—Preinvasive carcinoma and precancerous metaplasia of the. 

A serial block survey. (Carson andGall: January-February) ‘ 

Cervix uteri—Comparison of nuclear size and +" eee ratio 


in intra-epithelial and invasive carcinoma of the . (Foraker: 
May-June) 

——Epithelial atypicalities of the uterine cervix. ” (Reagan and Hicks: 
May-June) 


Morphologic aspects of the ‘transition from intra- epithelial to in- 
vasive carcinoma of the uterine cervix. (Fennell: May-June) : 
——The fibrillar apparatus in altered cervical epithelium. ee 

and Reagan: May-June) 

Chagas’ disease—Thyroid changes in acute experimental . . in dogs. 
(Goble: May-June) 

Changes in the brain following smallpox vaccination. (Dolgopol, Green- 
berg, and Aronof: May-June) 

Changing morphologic picture of endocarditis since the advent of chemo- 
therapy and antibiotic agents. (Amgrist and Marquiss: seemed 
February). . 

Characterization of hyaline arteriolar sclerosis by histochemical pro- 
cedures. (Montgomery and Muirhead: May-June) . 

Chemodectoma (non-chromaffinic paraganglioma) of the carotid body 
with distant metastases. With illustrative case. (Romanski: _ 
uary-February) 

Chemotherapy—The changing morphologic picture of ‘endocarditis since 
the advent of ... and antibiotic agents. — and Marquiss: 
January- February) 

Chicken—The effect of hypophyseal growth hormone on the tibia of the 
developing chick embryo. (Blumenthal, Hsieh, and Wang: July- 
August). 

Chronic polyarthritis i in rats injected with spleen i in adjuvants. (Stoerk, 
Bielinski, and Budzilovich: May-June) 

Cirrhosis—Sudden death due to pulmonary fat embolism i in persons with 
alcoholic fatty liver. (Durlacher, Meier, Fisher, and Lovitt: May- 
June) . 

Cobalt—Absence of degenerative changes i in ‘argenta ffin cells of intestinal 


mucosa of ...-injected guinea-pigs. sitiistiaie Wrenshall, and 
Wilson: May- June) . ar 
Collateral circulation—An experimental study ‘of the venous ... of the 


lung. I. Anatomical observations. (Hurwitz, Calabresi, Cooke, and 

Liebow: November-December) 
Comparative pathology of rhabdomyosarcoma with a report of acaseina 

dog. (Worley and Gorham: July-August) 
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Comparison of nuclear size and nuclear-cytoplasmic ratio in intra- 
epithelial and invasive carcinoma of the cervix uteri. (Foraker: 

Compression of the spinal cord by extramedullary neoplasms. A clinical 
and pathologic study. (McAlhany and Netsky: May-June) . 

Concentration, distribution, and excretion of radio-ethionine (S35) i in the 
rat on stock and protein-depleted diets—determined by radioacti- 
vity counting and radioautography. (Fitsgerald, Hellman, Wein- 
stein, and Schimmel: May-June) 

Coronary arteries—Post-mortem studies on coronary atherosclerosis and 
wane) beta lipoproteins. (Spain, Bradess, and Greenblatt: May- 

une) . 

——The application of an induced pulmonary arterial collateral cir- 

culation as possible collateral blood supply to the heart. (Bloomer, 

Stern, and Liebow: May-June) . 

The relationship of the weight of the heart and the circumference of 

the. . . to myocardial infarction and myocardial failure. we illes and 

Coronary artery disease in infancy. (Thomas: May-June) 

Cor pulmonale in Manson’s schistosomiasis. I. Frequency in necropsy 
material; pulmonary vascular changes caused by schistosome ova. 
(de Faria: January-February) . 

Corpus callosum lesions following blunt mechanical trauma to the head. 
(Lindenberg, Fisher, Durlacher, Lovitt, and | Freytag: May-June) 
Cortisone—Suppression of . . . effect on repair in the presence of local 
infectiv’ (Laites, Martin, and Ragan: 

er ‘ 

—The effects of adrenocorticotrophic hormone and . . upon acquired 
immunity to trichinosis in mice. (Stoner and Godwin: September- 
October) 

—The local action of growth hormone upon granulation tissue ‘for- 
mation. (Stebbins and Stoerk: May-June). . 

Cotton—Arteritis in guinea-pigs, produced by emboli of . . resem- 
bling the arteritis of hypersensitivity. (Von Glahn, Hail, and Sun: 
November-December) 

Cryptococcosis of the central nervous system i in domestic animals. (Mc- 
Grath: May- June) : 

Cultivation of equine abortion virus in cat tissue in vitro. (Randall, 
Turner, and Doll: November-December) . 

Cystic hyperplasia of endometrium and breast in mice with I131 induced 
pituitary adenomas. (Sommers, Chute, and Burt: May-June) , 

Cytopathology—Quantitative ...: What determines the size of the nu- 

Cytoplasmic ‘inclusion bodies” containing desoxyribose nucleic acid 
(DNA) in cells of human rectal polyps. (Leuchtenberger: May-June) 

Cytoplasmic liver cell inclusions following arterialization in the dog. 


Demyelinating disease—Acute hemorrhagic leuko-encephalitis. Its 

relationship to the demyelinating diseases. (Moossy, Wolf, and 

Cowen: May-June) 

.in youth ‘(Schilder’ disease). (McCormack: May- 

une) . 

Desoxyribose nucleic acid—A microspectrophotometric study of the. 
(DNA) content in cells of normal and malignant human tissues. 
( Leuchtenberger, Leuchtenberger, and Davis: January-February) 

——Cytoplasmic “inclusion bodies” containing ... (DNA) in cells of 
human rectal polyps. (Leuchtenberger: May-June) : 

Determination of the total weight of silica, and its correlation with tissue 
in the of animals. (Pratt: 
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Diabetes mellitus—Fat emboli in . (Kent: May-June) . 634° 
Diaphorase—Observations of the histochemical localization of DPN and 
TPN diaphorases and succinic dehydrogenase system in the rat kid- 
ney. (Sternberg, Farber, and Dunlap: May-June) 617° 
——tTetrazolium stains for diphosphopyridine nucleotide (DPN) . 
and triphosphopyridine nucleotide (TPN) ... in animal tissues. 
(Farber, Sternberg, and Dunlap: May-June) . 616* 
Diffuse cerebral sclerosis (metachromatic leuko-encephalopathy). (Fei- 
. gin: July-August). 715 
Diodrast—Study of the elimination of radioactive . . following : a single 
rapid intravenous injection in dogs. (Domingues and Schmidt: 
May-June) 652° 
Dog—Cytoplasmic liver cell inclusions ‘following arterialization in the 
(Fisher and Fisher: September-October) ;. 987 
——Experimental production of pigmented villonodular synovitis in 
dogs. (Young and Hudacek: May-June, 653*; July-August) 799 
——Study of the elimination of radioactive diodrast following a single 
rapid intravenous injection in dogs. (Dominguez and Schmidt: 
May-June) . 652° 
———The comparative pathology of rhabdomyosarcoma with a report of 
acaseina. . (Worley and Gorham: July-August) : 837 
The effect of fluid and electrolyte in bilaterally nephrectomized 
dogs. (Orbison, Peters, and Christian: May-June) 640° 
———Thyroid changes in acute rn Chagas’ disease in n dogs. 
(Goble: May- June) . . 
Early changes in the mouse kidney after experimental burn shock. I. 
Findings in untreated and saline treated mice. (Mowry and Mill- 
ican: May-June) . 657° 
——. II. Treatment with mouse plasma, plasma substitutes (dextran, 
polyvinylpyrrolidone, and oxypolygelatin) and whole mouse blood. 
(Mowry and Millican: May-June) . . 653° 
Effect of calcium and other cations on the viscosity of the cytoplasm of 
Ehrlich’s ascites tumor cells. (Nishimura, Di Paolo, and Hill: 
Effect of ethionine-induced "pancreatic e on iron absorption. 
(Kaufman, Kinney, and Klavins: May-June 620* 
Effect of fluid and electrolyte in bilaterally nephrectomized dogs. (Orbi- 
son, Peters, and Christian: May-June) . 640° 
Effect of hypophyseal growth hormone on the tibia of the ‘developing 
chick embryo. (Blumenthal, Hsieh, and Wang: July-August) 771 
Effects of adrenocorticotrophic hormone and cortisone upon acquired 
immunity to trichinosis in mice. (Stoner and Godwin: September- 
October) 013 
Effects of repeated small doses of ethionine on the | pancreas, the growth, 
and the serum level of methionine of rats. (Benson and Young: 
May-June) . 618° 
Effects of silicates on the rat lung: ‘an "experimental ‘study. (Orrahood 
and Wyatt: May-June) 631° 
Electrolytes—The effect of fluid and electrolyte i in bilaterally nephrecto- 
mized dogs. (Orbison, Peters, and Christian: May-June) > 640° 
Electron microscopic studies of muscle. (Spiro: May-June) . 649° 
Embolism—Arteritis in guinea-pigs, produced by emboli of cotton, re- 
sembling the arteritis of (Von Hall, and 
Sun: November-December) 1129 
-—-—Fat emboli in diabetes mellitus. (Kent: May- June) . 634° 
-——Pulmonary ...: its incidence and (Towbin: May- 
June) . . 633° 
——Sudden death due to ‘pulmonary fat as in persons ‘with alcoholic 
fatty liver. (Durlacher, Meier, Fisher, and Lovitt: May-June) 633* 
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Encephalitis viruses—The viral range in vitro of a malignant human 
epithelial cell (strain HeLa, Gey). II. Studies with ... of the 
Eastern, Western, West Nile, St. Louis, and Japanese B types. 
(Scherer and Syverton: November-December) . 

Encephalomyelitis—Pathology of Teschen disease (virus . of swine). 

Manuelidis, Sprins, and Horstmann: May-June). 

Endocarditis—The changing morphologic picture of . . . since ‘the advent 
of chemotherapy and antibiotic _— (Angrist and Marquiss: 
January-February) 

Endometrium—Cystic hyperplasia of ... and breast in mice with [181 
— pituitary adenomas. (Sommers, Chute, and Burt: May- 

une) . 

Enzymes—A survey of some recently developed histochemical methods 
for. . . of nervous tissue. (Seligman: May-June) . 

Epithelial atyplcalities of the uterine —— (Reagan and Hicks: May- 

une 

Equine abortion—Propagation in vitro of ... virus in human epithelial 
Fane) (Strain HeLa, Gey—carcinoma of cervix.) (Randall: May- 

une) . 
——Viremia in hamsters inoculated with . . virus. (Randall, ‘Stevens, 


and Bracken: May-June) 
Equine abortion virus—The cultivation of ... in cat tissue 4 in vitro. 
(Randall, Turner, and Doll: November-December) 
Erythroblastosis fetalis—Bilirubin-like crystals in cases of . . (Fir- 


minger and Moriarty: May-June) . 

Ethionine—Effect of . . .-induced pancreatic damage on iron absorption. 
(Kaufman, Kinney, and Klavins: May-June) 

——The concentration, distribution, and excretion of radio-. . . (S38) in 
the rat on stock and protein-depleted diets—determined by radioac- 
tivity counting and radioautography. — Heliman, Wein- 
stein, and Schimmel: May-June) 

——The ‘effects of repeated small doses of . on the pancreas, the 
growth, and the serum level of methionine of rats. (Benson and 
Young: May-June) . 

Evidence for an inflammatory factor in the pathogenesis of cerebrovas- 
cular aneurysms. (Handler and Blumenthal: May-June) 

Exfoliative cytology—Identification of types and primary sites of meta- 
from exfoliated cells in serous fluids. July- 

ugust 

Experimental production of pigmented villonodular synovitis i in dogs. 
(Young and Hudacek: May-June, 653*; July-August) 

Experimental study of the venous collateral circulation of the lung. I. 
Anatomical observations. and Liebow: 
November-December) . 


False and true hydatidiform mole. (Alier: May-June) . 
Familial occurrence of “idiopathic” calcification of nienine capillaries. 
(Bowman: January-February). . 
Fat emboli in diabetes mellitus. (Kent: May -J une) 
Fat embolism—Sudden death due to pulmonary ... in persons with 
i" fatty liver. (Durlacher, Meier, Fisher, and Lovitt: May- 
une 


Fibrillar apparatus in altered cervical epithelium. (Machicao ond 


Reagan: May-June) . . ‘ 
Fibroma—Juvenile aponeurotic . . (Thomas: May-June) eer 
Fibromyosis uteri—Telangiectatic . . (Alter: May-June) 


Fibrosis—Generalized siderosis with . . of liver and pancreas in 
Cooley’s (Mediterranean) anemia. With observations on the 
pathogenesis of the siderosis (Ellis, Schulman, and 
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Fulminant carbon tetrachloride and Wartman: 


May-June) 655* 
Gaucher’s disease—Stellate inclusion bodies in plasma cell myeloma 

and in. (Dawe: September-October) 871 
Generalized siderosis with fibrosis of liver and pancreas in Cooley’s 

(Mediterranean) anemia. With observations on the pathogenesis 

of the siderosis and fibrosis. (Ellis, Schulman, and Smith: March- 

Apa) 287 
Giant hypertrophy, of the jejunal circular rugae associated with re- 

current intussusception. (Bangle and Becker: July-August) 787 
Glioblastoma—Blastomatous oligodendroglia as satellites of nerve cells. 

A study with silver carbonate. (Scharenberg: September- — 957 
Glioblastoma multiforme—Mixed tumors of the brain—conjoined . 

and sarcoma. (Feigin and Gross: May-June). . 641* 
Glioma—The nature of gliomas as revealed by animal experimentation. 

(Zimmerman: May-June) 646* 
Globulin—The histology and histochemistry of. lesions produced in 

rabbits by repeated intravenous doses of bovine gamma... 

(McManus, Gilmer, and Torbert: May-June) Bake 
Glomerular disease—Ultraviolet microscopy of ... . (Sommers, 

Crozier, and Warren: September-October) _.. 919 
Glomerular lesions in rats with chronic hypertension. (K oletshy: May- ‘en 

Jun 41 
‘natural history of experimental produced 

by foreign protein. (Hamilton and Fremes: January-February) 127 
Glomerulus—The myoid nature of the cells covering the human renal 

. . (McManus: May-June) . 640* 

Glycogen storage disease—Tuberous sclerosis and splenomegaly with 

focal accumulations of storage cells, with associated tumors of the 

retina and nodular glycogenic tumors of the heart. (Young, Y tian 

Winkelman, and Brody: May-June) . 659* 
Granulation tissue—The local action of growth hormone upon exe 

formation. (Stebbins and Stoerk: May-June). . 615* 
Growth hormone—The local action of ... upon granulation tissue for- 

mation. (Stebbins and Stoerk: May- June) 615° 
Guinea-pig—Absence of degenerative changes in argentaffin cells of 

intestinal mucosa of cobalt-injected guinea-pigs. (Hariroft, Wren- 

shall, and Wilson: May-June) 621* 
——Arteritis in guinea-pigs produced by emboli of cotton, ‘resembling 

the arteritis of saint (Von Glahn, Hall, and Sun: No- 

——Leukemia in guinea-pigs. (Congdon and Lorenz: March-April) 337 

Rheumatic fever-like lesions in the . . .: correlation of pathogenic, 

anaphylactegenic, and chemical properties of certain mucopoly- 

saccharides of Klebsiella i ili type B27. (Jones, Carter, 

Hamster—Viremia in hamsters inoculated with equine abortion virus. 

(Randall, Stevens, and Bracken: May-June) . 654* 
Heart—Cardiac lesions produced experimentally in animals given 

crystalline streptococcal ssn intravencusly. — and 

Robertson: May-June) 636* 
——cCoronary artery disease in infancy. (Thomas: May-June) . ; 638* 

Post-mortem studies on coronary atherosclerosis and serum beta 

lipo-proteins. (Spain, Bradess, and Greenblatt: May-June) 638* 


——tThe application of an induced pulmonary arterial collateral cir- 
culation as possible collateral blood supply to the. . (Bloomer, 
Stern, and Liebow: May-June) . 


629* 
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——The changing morphologic picture of endocarditis since the advent 
of chemotherapy and antibiotic _— (Angrist and Marquiss: 

——The relationship of the weight of the... and the circumference of 
the coronary arteries to myocardial ‘infarction and myocardial 
failure. (Milles and Dalessandro: January- February) 

-——The syndrome of intestinal carcinoid: with massive hepatic metas- 
tases and endocardial fibrosis with tricuspid and pulmonic stenosis: 
its recognition and significance. (Rambo, Gore, Vance, and Brown: 

May-June) 

Tuberous sclerosis and splenomegaly with focal accumulations of 

storage cells, with associated tumors of the retina and nodular 
glycogenic tumors of the . . (Young, Young, Winkelman, and 
Brody: May- June) ; 

Hematin-like pigment in fresh kidney homogenates from rabbits with 
hemoglobinuric nephrosis. (Lalich: May-June) . 

Hemoglobinuria—Hematin-like pigment in fresh kidney homogenates 
from rabbits with hemoglobinuric nephrosis. (Lalich: May-June) 

Hemoptysis—Pathologic characteristics of necrotizing pulmonary alve- 
olitis as a manifestation of hypersensitivity and associated with 
recurrent . (Edwards, Parkin, and Burchell: May-June) . 

Hereditary ochronosis. Pathologic changes observed in two necropsied 
cases. (Lichtenstein and Kaplan: January-February) 

Heredopathia atactica polyneuritiformis: the neuropathologic changes 
in three adults and one child. (Cammermeyer, Haymaker, and ng 
sum: May-June) 

Herpes simplex—The viral range in vitro of a malignant human epi- 
thelial cell (strain HeLa, Gey). I. Multiplication of .. ., pseudo- 
rabies, and vaccinia viruses. (Scherer and Syverton: November- 
December) . 

Histochemical studies on the cerebroretinal degenerations and other 
lipid metabolic disorders. (Landing and Freiman: May-June) 
Histochemical study of the Negri bodies of rabies. (Moulton: May- June) 
Histology and histochemistry of lesions produced in rabbits by re- 
peated intravenous doses of bovine gamma globulin. (McManus, 

Gilmer, and Torbert: May-June) 

Histopathologic patterns of selective brain damage from various causes. 
(Terplan and Barnes: May-June) . . 

Hydatidiform mole—False and true. . (Alter: May-June) 

Hydranencephaly. (Arey and Baird: May-June) 

Hyperparathyroidism—Renal disease in . - (M organ and M aclagan: 
November-December) 

Hypertension—A microspectroscopic study of arterioles in benign ‘and 

malignant . . (Montgomery and Muirhead: 639°; 

November-December) 

lesions in rats with chronic (Koletsky: May- 

June 

Pathologic findings it in nine " children with “primary” pulmonary 

(Berthrong and Cochran: May-June) 

Studies on the adrenal zona glomerulosa of hypertensive patients 
and rats, with special reference to the effect of dietary salt re- 
striction. (Peschel and Race: May-June). . ..... 

Hypophyseal growth hormone—The effect of ... on the tibia of the 
chick embryo. (Blumenthal, Hsieh, and 
August 

Hypophysis—Cystic hyperplasia of endometrium and breast in mice 
with I!8! induced pituitary adenomas. (Sommers, Chute, and Burt: 
May-June) ; 

—— Morphologic changes associated with thyrotrophin-secreting pi- 
tuitary tumors. (Furth: May-June) 
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——The morphogenesis of pituitary tumors induced by radiothy- 
roidectomy in the mouse and the effects of their transplantation 
on the pituitary body of the host. (Halmi and Gude: May-June) 

——Three types of chromophil cells of the adenohypophysis demon- 
strated by a modification of the periodic acid-Schiff technique. 
(Wilson and Ezrin: September-October) 

Hypophysis after bilateral adrenalectomy compared ‘with that in 
spontaneous Addison’s disease. (Burt: May-June) . 


[131—-Cystic hyperplasia of endometrium and breast in mice with... 
— pituitary adenomas. (Sommers, Chute, and Burt: May- 
une 

Identification of types and primary sites of metastatic tumors from 
exfoliated cells in serous fluids. (Foot: July-August) . 

Idiopathic demyelinating disease in youth (Schilder’s disease). ‘Me- 
Cormack: May-June) . 

Inclusion bodies—Cytoplasmic ‘containing desoxyribosenucleic 
acid (DNA) in cells of human rectal polyps. (Leuchtenberger: 
May-June). 

——Cytoplasmic liver cell inclusions following arterialization in the dog. 
(Fisher and Fisher: September-October) 

——Stellate ... in plasma cell myeloma and in Gaucher's disease. 
( Dawe: September-October) 

Increased resistance to malaria in certain inbred mice, their hybrids 
and backcrosses. (Nadel, Greenberg, Jay, and Coatney: May- June) 

Induction of metastases from SarcomalI in C57BL/6 mice. (Molomut, 
Spain, Gault, and Kreisler: March-April) . 

Infarction—The relationship of the weight of the heart and the cir- 
cumference of the coronary arteries to myocardial ... and myo- 
cardial failure. (Milles and Dalessandro: January-February) 

Influence of blood lipid levels on inflammatory response in lung and 
muscle. (Waddell, Sniffen, and Whytehead: May-June, 632*; 
July-August) 

Influence of experimental renal damage on histochemically demon- 
strable succinic dehydrogenase activity in the rat. = 
and Meisel: January-February) : 

Intermediate nephron nephrosis from snake poisoning i in man. Histo- 
pathologic study. (Amorim and Mello: May-June) . ; 

Internal mammary lymph node involvement in primary carcinoma of 
— radical mastectomy studies. (Stanton and Wyatt: May- 
une 

Intestine—Absence of degenerative ‘changes in argentaffin cells of in- 
testinal mucosa of cobalt-injected guinea-pigs. (Hartroft, Wrenshall, 
and Wilson: May-June) . 

The syndrome of intestinal carcinoid with massive hepatic metas- 

tases and endocardial fibrosis with tricuspid and pulmonic stenosis: 
its recognition and significance. (Rambo, Gore, — and Brown: 
May-June) 

Intra-epithelial carcinoma—Comparison of nuclear size and nuclear 
cytoplasmic ratio in intra-epithelial and invasive carcinoma of the 
cervix uteri. (Foraker: May-June) 

——Morphologic aspects of the transition from ‘intraepithelial to in- 
vasive carcinoma of the uterine cervix. (Fennell: (May-June) . 

Intramedullary lipoma of cervical spinal cord. (Margolis and Berton: 


May-June) 
Intussusception—Giant hypertrophy of the jejunal circular rugae as- 
sociated with recurrent . . (Bangle and Becker: a August) . 


Iron—Effect of ethionine-induced pancreatic damage on . ‘absorption. 
(Kaufman, Kinney, and Klavins: May-June) . 

Irradiation—Pathology of total body... in the monkey. (Schlumberger 
and Vasquez: May-June, 628°; November-December) 
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Jejunum—Giant hypertrophy of the jejunal circular rugae associated 
with recurrent intussusception. (Bangle and Becker: July-August) 787 


ak aponeurotic fibroma. (Thomas: May-June) 625* 
uvenile xanthogranuloma (nevoxantho-endothelioma).. (Helwig ‘and 


Kaolinosis—Pneumoconiosis from exposure to kaolin dust: ... . 

(Lynch and McIver: May-June, 631°; November-December) . . 1117 
Kidney—Cardiovascular and smooth muscle lesions in the course of 

experimental nephropathy. (Churg and Lehr: May-June) . . 638° 
-———Early changes in the mouse ... after experimental burn shock. 

I. Findings in untreated and saline treated mice. (Mowry and 
Millican: May-June) 657* 
Early changes in the mouse ... after experimental burn shock. 

II. Treatment with mouse plasma, plasma substitutes (dextran, 
polyvinylpyrrolidone, and oxypolygelatin) and whole mouse blood. 


Mowry and Millican: May-June) . 653° 
Glomerular lesions in rats with chronic hypertension. " (Koletsky: 
May-June) . 641* 

——Hematin-like pigment in fresh . . homogenates from rabbits with 
hemoglobinuric nephrosis. (Lalich: May-June) . 635° 


——Influence of experimental renal damage on histochemically ‘demon- 
strable succinic dehydrogenase activity in the rat. (Wachstein 


and Meisel: January-February) . 147 
Intermediate nephron nephrosis from snake poisoning in man. 
Histopathologic study. (Amorim and Mello: May-June) 479 


——Observations on the histochemical localization of DPN and TPN 
diaphorases and succinic dehydrogenase system in the rat... . 


(Sternberg, Farber, and Dunlap: May-June) . 617* 
—— Quantitative studies of acute nephrotoxic nephritis i in rats. (Wein- 

reb, Soules, and Wissler: March-April) % 311 
——Renal disease in (Morgan ond Maclagon: 

November-December) . 

The effect of fluid and electrolyte in bilaterally nephrectomized 

dogs. (Orbison, Peters, and Christian: May-June) . 640° 
——The myoid nature of the cells covering the human renal glomerulus. 

(McManus: May-June). . 640* 
——The natural history of experimental glomerulonephritis produced 

by foreign protein. (Hamilton and Fremes: January-February) . 127 
——The relation of the renal lesions to the cerebral lesions in the 

tuberous sclerosis complex. (Jmglis: July-August) . . 739 
——Ultraviolet microscopy of glomerular diseases. es Crosier, 

and Warren: September-October) . 919 


Klebsiella pneumoniae—Rheumatic fever-like lesions i in the guinea-pig: 
correlation of pathogenic, anaphylactogenic, and chemical proper- 
ties of certain mucopolysaccharides of ... 
Carter, and Rankin: May-June) . . . ‘ 636* 


Leukemia— Widespread acute necrosis of the liver following sulfona- 
mide therapy in patients with... . (Lodge and Woodcock: March- 


April)... 
Leukemia in guinea-pigs. (Congdon and Lorens: March- April) i ae 
Leuko-encephalitis—Acute hemorrhagic . . Its relationship to the 


demyelinating diseases. (Moossy, Wolf, ‘and Cowen: May-June) . 642° 
Leuko-encephalopathy—Diffuse cerebral sclerosis 


(Feigin: July-August) . . 
Lipidosis—Adult ... resembling ‘Niemann-Pick’s " disease. (Terry, 
Sperry, and March-April). . 263 


——Studies on... of the boss nervous system. (Aronson and Volk: 
May-June) . . 644° 
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Lipids—Histochemical studies on the cerebroretinal degenerations and 

other lipid metabolic disorders. (Landing and Freiman: May-June) 

Influence of blood lipid levels on inflammatory response in lung 

and muscle. (Waddell, Sniffen, and Whytehead: May-June, 632*; 

Lipoma—lIntramedullary ... of cervical spinal cord. (Margolis and 
Berton: May-June) 

Lipoproteins—Post-mortem studies on coronary atherosclerosis and 
serum beta . (Spain, Bradess, and Greenblatt: May-June) 
Liver—A study of the pathogenesis of the virus hepatitis of mice 
(Nelson’s) with special reference to yeoman changes and 

virus titer. (Fetter: May-June) ‘ 

Biochemical and histochemical studies of in vivo and in vitro ne- 
crosis of ... tissue. (Stowell, Berenbom, and Chang: May-June) 
—Cytoplasmic ... cell inclusions following arterialization in the dog. 
Generalized siderosis with fibrosis of ... and pancreas in Cooley’s 
(Mediterranean) anemia. With observations on the pathogenesis 
of the siderosis and fibrosis. (Ellis, Schulman, and Smith: March- 


April) .. 

Sudden death due to pulmonary fat embolism in persons with 
alcoholic fatty . . (Durlacher, Meier, Fisher, and Lovitt: May- 
June) 


—The blood supply of neoplasms i in the liver. '(Breedis and "Young: 
September-October) . 

——The syndrome of intestinal carcinoid with massive hepatic metas- 
tases and endocardial fibrosis with tricuspid and pulmonic stenosis: 
its recognition and significance. — Gore, Vance, and Brown: 

—— Widespread acute necrosis of the. . following sulfonamide therapy 
in patients with leukemia. (Lodge and Woodcock: March-April) 

Local action of growth hormone upon ees tissue formation. 
(Stebbins and Stoerk: May-June) 

Lung—An experimental study of the venous ‘collateral circulation of 

the. . I. Anatomical observations. (Hurwitz, Calabresi, Cooke, 

and Liebow: November-December) 

Atypical proliferations of bronchiolar epithelium, (King: May- 
June) 

——Bronchial adenoma with distant metastases. ' (Friedman, Bellamy, 
and Rabin: May- June) 

Cor pulmonale in Manson’s schistosomiasis. i Frequency in 

necropsy material; pulmonary vascular changes caused - schis- 

tosome ova. (de Faria: January-February) 

Effects of silicates on the rat ...: an experimental study. (Orra- 

hood and Wyatt: May-June) 

Influence of blood lipid levels on inflammatory response in. . and 

muscle. (Waddell, Sniffen, and Whytehead: May-June, “632%; 

July-August) . 

Pathologic characteristics of necrotizing ‘pulmonary alveolitis as 

a manifestation of hypersensitivity and associated with recurrent 

hemoptysis. (Edwards, Parkin, and Burchell: May-June) 

Pneumoconiosis from exposure to kaolin dust: kaolinosis. (Lynch 

and McIver: May-June, 631*; November-December) 

Pulmonary embolism: its incidence and ene, (Towbin: 

May-June) 

Pulmonary periarteritis nodosa: report of five cases. (Braunstein: 

May-June). 

Sudden death due to pulmonary ‘fat embolism in "persons with 

— fatty liver. (Durlacher, Meier, Fisher, and Lovitt: May- 
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The determination of the total weight of silica, and its correlation 
with tissue reaction, in the lungs of experimental animals. (Pratt: 
September-October) 

——The permeability of . . parenchyma to particulate matter. (Gross 

and Westrick: March- April) 

Uremic pneumonitis. (Hopps and Wissler: May- June) . 

Lung mites: pulmonary acariasis as an enzootic disease caused by 
Pneumonyssus simicola in imported monkeys. (Innes, Colton, 
Yevich, and Smith: July-August) 

Lymph node—Internal mammary ... involvement in primary carci- 
noma of breast: radical mastectomy studies. (Stanton and Wyatt: 


Malaria—Increased resistance to ... in certain inbred mice, their hy- 
Tune) and backcrosses. (Nadel, Greenberg, Jay, and Coatney: May- 
June 

Massive angiomatous tumors (papillary angio-endothelioma i in vascular 
hamartoma) of the thoracic wall. (Hazard: May-June) 

Mast cell—The réle of the mast cell in the reaction to injury. (Benditt: 
May-June). 

Mast cells—Morphology ‘of tissue . ata ‘The frequency of artifacts 
and the influence of certain biologic agents. aon Samuels, 
Pirozynski, and Webster: March- April) ‘ 

Metaplasia—Preinvasive carcinoma and precancerous . f the cervix. 
A serial block survey. (Carson and Gall: January-February) 

Methionine—The effects of repeated small doses of ethionine on the 
pancreas, the growth, and the serum level of ... of rats. (Benson 
and Young: May-June) 

Microspectrophotometric study of the desoxyribose nucleic acid 
(DNA) content in cells of normal and malignant human tissues. 
(Leuchtenberger, Leuchtenberger, and Davis: January-February) 

Microspectroscopic study of arterioles in benign and malignant hyper- 
tension. (Montgomery and Muirhead: May-June, 639*; November- 
December) 

Mixed tumors of the " brain—conjoined glioblastoma multiforme ‘and 


1003 
195 
631* 
813 
626* 
658* 


626* 
615* 


391 
15 


618* 


65 


1181 


sarcoma. (Feigin and Gross: May- June) 
Monkey—Lung mites: pulmonary acariasis as an enzootic ‘disease 
caused by Pneumonyssus simicola in imported monkeys. (Innes, 
Colton, Yevich, and Smith: July-August) 
Pathology of total body irradiation in the . ‘aad and 
Vazquez: May-June, 628*; November-December) 1013 
——Quantitative histochemical architectonic patterns in the Mae 
cerebral cortex. (Robins and Smith: May-June). . 647* 
Morphogenesis of pituitary tumors induced by radiothyroidectomy i in 
the mouse and the effects of their transplantation on the pituitary 
body of the host. (Halmi and Gude: May-June). . 403 
Morphologic aspects of the transition from intra-epithelial to invasive 
carcinoma of the uterine cervix. (Fennell: May-June) . 623* 
Morphologic changes associated with thyrotrophin-secreting pituitary 
tumors. (Furth: May-June) 421 
Morphology of accessory adrenal tissues in the ‘transitional stage of 
adrenal gland development. (Hicks and Nettleship: May-June) 620* 
Morphology of the myoneural junction as influenced by neurotoxic 
drugs. (iarris: May-June) . sor 
Morphology of tissue mast cells. The “frequency of artifacts and the 
influence of certain biologic agents. — Samuels, en 
and Webster: March-April) . . . 391 


Motor nerve plates—The morphology of ‘the myoneural junction as 
influenced by neurotoxic drugs. (Harris: May-June) 
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Mouse—A study of the pathogenesis of the virus hepatitis of mice 
(Nelson’s) with special reference to morphologic changes and virus 
titer. (Fetter: May-June) 

——Cystic hyperplasia of endometrium and breast in mice with I'3! 
induced pituitary adenomas. (Sommers, Chute, and Burt: May-June) 

——Early changes in the ... kidney after experimental burn shock. 
I. Findings in untreated and saline treated mice. (Mowry and 

——Early changes in the ... kidney after experimental burn shock. 

II. Treatment with ... plasma, plasma substitutes (dextran, 

polyvinylpyrrolidone, and oxypolygelatin) and whole ... blood. 

(Mowry and Millican: May-June) ji 

Increased resistance to malaria in certain inbred mice, their hy- 

ee and backcrosses. (Nadel, Greenberg, Jay, and Coatney: May- 

June) . 

Studies on the toxicity of typhus rickettsiae. IT. Pathologic findings 

in white rats and white mice. (Parker and Neva: March-April) 

-——tThe effects of adrenocorticotrophic hormone and cortisone upon 
acquired immunity to trichinosis in mice. (Stoner and Godwin: 
September-October) . 

——The induction of metastases from Sarcoma I in Cs7BL/6 mice. 
(Molomut, Spain, Gauli, and Kreisler: March-April) 

——The morphogenesis of pituitary tumors induced by radiothyroidec- 
tomy in the ... and the effects of their transplantation on the 
pituitary body of the host. (Halmi and Gude: May-June) 

Mucopolysaccharides—Rheumatic fever-like lesions in the guinea-pig: 
correlation of pathogenic, anaphylactogenic, and chemical proper- 


ties of certain ... of Klebsiella pneumoniae type B27. (Jones, 

Muscle—Cardiovascular and smooth ... lesions in the course of ex- 

perimental nephropathy. (Churg and Lehr: May-June) 

Electron microscopic studies of . (Spiro: May-June) . 

Influence of blood lipid levels on ‘inflammatory response in lung 

and . . (Waddell, Sniffen, and re May-June, 632*; 


July- August) . 
——Some aspects of the structure of myosin. (Szent-Gyorgi: May- June) 
——The structural and metabolic relationship between cytochondria 
and myofibrils studied by phase microscopy, electron micrography, 
and microcinematography. (Harman: May-June) «eee 
Muscular dystrophy—So-called nutritional . . . as a cause of RB arescicall 
in rabbits. (Innes and Yevich: May-June) 


Myelin—The ultrastructure of nerve ... and associated ‘structures. 
(Schmitt: May-June) 
Myeloma—Stellate inclusion bodies i in plasma cell . and in Gaucher's 


disease. (Dawe: September-October) . 

Myelomalacia and multiple cavitations of the spinal cord secondary to 
adhesive arachnoiditis: an experimental study. (Bailey, McLaurin, 
Schurr, and Ingraham: May-June) 

Myo-epithelium in gynecomastia. (Karnauchow: November- December) 

Myoid nature of the cells covering the human renal glomerulus. (Mc- 

Myoneural junction—The morphology of the ... as influenced by 
neurotoxic drugs. (Harris: May-June) . . . . 

Myosin—Some aspects of the structure of ... . (Ssent-Gyorgi: May- 

Natural history of experimental glomerulonephritis produced by for- 
eign protein. (Hamilton and Fremes: January- -February) 

Nature of gliomas as revealed by animal ee, (Zimmer- 
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.. and thrombosis in routine necropsies. 

ay-June 

Biochemical and histochemical studies of in vivo and in vitro... of 

liver tissue. (Stowell, Berenbom, and Chang: May-June). . 

Negri bodies—A histochemical study of the ... of rabies. (Moulton: 
May-June) 

Neoplasia—A microspectrophotometric study ‘of the desoxyribose nu- 
cleic acid (DNA) content in cells of normal and malignant human 
tissues. (Leuchtenberger, Leuchtenberger, and Davis: January- 
February). . 

—Compression of the spinal cord by extramedullary ‘neoplasms. A 
clinical and pathologic study. (McAlhany and Netsky: May-June) 

——lIdentification of types and primary sites of metastatic tumors from 
exfoliated cells in serous fluids. (Foot: July-August) 

—— Morphologic changes associated with thyrotrophin-secreting pitui- 
tary tumors. (Furth: May-June). i 

——The induction of metastases from Sarcoma I in Cs7BL/6 mice. 
(Molomut, Spain, Gault, and Kreisler: March-April) . 

——The morphogenesis of pituitary tumors induced by radiothyroid- 
ectomy in the mouse and the effects of their transplantation on the 
pituitary body of the host. (Halmi and Gude: May-June) ‘ 

Neoplasm—A presumably benign tumor and a proved malignant tumor 

of the carotid body. (Goormaghtigh and Pattyn: July-August) 

Mixed tumors of the brain—conjoined —— multiforme and 
sarcoma. (Feigin andGross: May-June) . 

——tThe blood supply of neoplasms in the liver. " (Breedis and Young: 
September-October) . 

——The nature of gliomas as revealed by animal experimentation, (Zim- 
merman: May-June) 

Nephritis—Quantitative studies of acute nephrotoxic. ...in rats. (Wein- 
reb, Soules, and Wissler: March- ~April) . ; 

Nephrosis—Hematin-like pigment in fresh kidney homo, enates from 
rabbits with hemoglobinuric... . (Lalich: May-June) . 

——Intermediate nephron . . from snake poisoning in man. Histo- 
pathologic study. (Amorim and Mello: é 

Nerves—Heredopathia atactica polyneuritiformis: the neuro thologic 

changes in three adults and one child. (Cammermeyer, Haymaker, 

and Refsum: May-June) . 

The ultrastructure of nerve myelin and associated structures. 

(Schmitt: May-June) 

Nervous tissue—A survey of some recently developed histochemical 
methods for enzymes of . (Seligman: May-June) 

Niemann-Pick’s disease—Adult lipidosis resembling ... . (Terry, 
Sperry, and Brodoff: March-April). . 

Nucleotide—Observations on the histochemical localization of DPN. and 

TPN diaphorases and succinic dehydrogenase system in the rat kid- 

ney. (Sternberg, Farber,and Dunlap: May-June). 

Tetrazolium stains for diphosphopyridine . . (DPN) ‘diaphorase 

and triphosphopyridine ... (TPN) diaphorase in animal tissues. 

(Farber, Sternberg,and Dunlap: May-June) . . ..... 


Observations on intimal repair following experimentally induced trauma 
to the rabbit aorta. (Prior and Hutter: May-June) 

Observations on the histochemical localization of DPN and TPN diaph- 
orases and succinic dehydrogenase system in the rat kidney. (Stern- 
berg, Farber,and Dunlap: May-June) . . 

Occurrence of arteriosclerosis in the aorta of swine. (Gottlieb and Lalick: 
July-August) . 

Ochronosis—Hereditary . Ghews ", Pathologic changes observed i in two nec- 
ropsied cases. (Lichtenstein and Kaplan: January-February) . . 
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Oligodendroglia—Blastomatous. . . as satellites of nerve cells. A study 
with silver carbonate. (Scharenberg: September-October) 

Organic brain disease in the aged. (Towbin: May-June) . 

Origin of sacrococcygeal pilonidal sinuses; based on an analysis of four 
hundred sixty-three cases. (Davage: November-December) 


Pancreas—Effect of ethionine-induced pancreatic damage on iron 

absorption. ( Kaufman, Kinney, and Klavins: May-June) ‘ 

Generalized siderosis with fibrosis of liver and. . . in Cooley’s (Med- 

iterranean) anemia. With observations on the pathogenesis of the 

siderosis and fibrosis. (Ellis, Schulman, and Smith: March-April) 

——tThe effects of repeated small doses of ethionine on the ..., the 
growth, and the serum level of methionine of rats. _—— and 
Young: May-June) . . 

Paper chromatography—An application of the methods of ... to the 
problems of general pathology. (Rogers and Berton: May- June) 

Paraganglioma—aA presumably benign tumor and a proved malignant 
tumor of the carotid body. (Goormaghtigh and Pattyn: July-August) 

——Chemodectoma (non-chromaffinic ...) of the carotid body with 
distant metastases. With illustrative case. (Romanski: January- 

Parotid gland—Acinic cell adenocarcinoma of the... . Report of 
twenty-seven cases. (Godwin, Foote, and Frazell: May-June) . 

Pathologic characteristics of necrotizing pulmonary alveolitis as a mani- 
festation of hypersensitivity and associated with recurrent he- 
moptysis. (Edwards, Parkin, and Burchell: May-June) . . 

Pathologic findings in nine children with “primary” pulmonary hyper- 
tension. ( Berthrong and Cochran: May-June) 

Pathology of Teschen disease (virus encephalomyelitis ‘of swine). 
(Manuelidis, Sprinz, and Horstmann: May-June) 

Pathology of total body irradiation in the monkey. ( Schlumberger ‘and 

Periarteritis nodosa—Pulmonary . .: report of five cases. (Braunstein: 
May-June) 

Permeability of lung parenchyma to particulate matter. (Gross and Wes- 
trick: March-April) 

Pigments—Bilirubin-like crystals in cases ian. erythroblastosis fetalis. 
(Firminger and Moriarty: May-June) 

——Hematin-like pigment in fresh kidney homogenates from “rabbits 
with hemoglobinuric nephrosis. (Lalich: May- June) 

Pilonidal sinuses—The origin of sacrococcygeal . . .; based on an n analy- 
vad of four hundred sixty-three cases. (Davage: November-Decem- 


Pituitary body—See Hypophysis. 

Pneumoconiosis—Effects of silicates on the rat lung: an experimental 
study. (Orrahood and Wyatt: May-June) . . F 

——The determination of the total weight of silica, and its ‘correlation 
with tissue reaction, in the lungs of experimental animals. (Pratt: 
September-October) . 

——The permeability of lung parenchyma to particulate matter. (Gross 
and Westrick: March-April) - 

Pneumoconiosis from exposure to kaolin dust: kaolinosis. ( Lynch and 
McIver: May-June, 631*; November-December) 

Pneumonitis—Uremic . (Hopps and Wissler: May-June) 

Pneumonyssus simicola—Lung mites: pulmonary acariasis as an en- 
zootic disease caused by... in ‘6, bis monkeys. (Innes, Colton, 

Polypus—Cytoplasmic “inclusion bodies” containing desoxyribose- 
nucleic acid (D sein in cells of human rectal — ee 
May-June) 
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Post-mortem studies on coronary atherosclerosis and serum beta lipo- 
proteins. (Spain, Bradess,and Greenblatt: May-June) . 

Post-traumatic circulatory lesions of the brain. (Neubuerger: May- June) 

Preinvasive carcinoma and precancerous metaplasia of the cervix. A 
serial block survey. (Carson andGall: January-February) . 

Presumably benign tumor and a proved malignant tumor of the carotid 

body. (Goormaghtigh and Pattyn: July-August) 

American Association of Pathologists and Bacteri- 
ologists 

Propagation in vitro of equine abortion virus in human epithelial cells. 
(Strain HeLa, Gey—carcinoma of cervix.) (Randall: Tay- -June) 

Proteinase—Cardiac lesions produced experimentally in animals given 
crystalline streptococcal... intravenously. (Kellner and Robertson: 
May-June) 

Pseudorabies—The viral range in vitro of a malignant human epithelial 
cell (strain HeLa, Gey). I. Multiplication of herpes simplex, .. ., 
and vaccinia viruses. (Scherer and Syverton: November-December) 

oe embolism: its incidence and significance. (Towbin: May- 

une 
Pulmonary hypertension—Pathologic findings in nine children with 


“primary” (Berthrong and Cochran: May-June) . 
sa periarterits nodosa: report of five cases. (Brownstein: May- 


Quantitative cytopathology: what determines the size of the nucleus of a 
cell? (Mellors: May-June) . 

Quantitative histochemical architectonic patterns ‘in the monkey 
cerebral cortex. (Robins and Smith: May-June) . 

Quantitative studies of acute nephrotoxic — in rats. _ (Weinreb, 
Soules, and Wissler: March-April) . 


Rabbit—Observations on intimal repair following experimentally in- 
duced trauma tothe. ..aorta. (Prior and Hutter: May-June) 
oe called nutritional muscular dystrophy as a cause of “paraly- 

sis” in rabbits. (Jmnes and Yevich: May-June) . 

——The histology and histochemistry of lesions produced i in " rabbits by 
repeated intravenous doses of bovine gamma globulin. (McManus, 
Gilmer, and Torbert: May-June) 

——The uptake of colloidal thorium dioxide by the arterial lesions of 
cholesterol atherosclerosis in the. Its significance in relation to 
pathogenesis. (Duff, McMillan, and Lautsch: September-October) 

oa histochemical study of the Negri bodies of ... . (Moulton: 

ay-June 

Radioactivity—Study of the elimination of radioactive diodrast following 
a single rapid intravenous injection in dogs. (Dominguez and 
Schmidt: May-June) . 

Radiothyroidectomy—The morphogenesis of pituitary tumors induced 
by ... in the mouse and the effects of their transplantation on the 
pituitary body of the host. (Halmi and Gude: May-June) ‘ 

Rat—Chronic polyarthritis in rats injected with spleen in adjuvants. 
(Stoerk, Bielinski, and Budsilovich: May-June) 

——Effects of silicates on the... lung: an experimental study. (Orra- 
hood and Wyatt: May- -June) 

——Glomerular lesions in rats with chronic hypertension. " (Koletsky: 
May-June) . 

——Influence of experimental renal damage on histochemically ‘demon- 
strable succinic dehydrogenase activity in the... . (Wachslein 
and Meisel: January-February) 

——Observations on the histochemical ‘localization of DPN and TPN 
diaphorases and succinic dehydrogenase system in the. . . kidney. 
(Sternberg, Farber,and Dunlap: May-June) . . ... . 
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——Quantitative studies of acute nephrotoxic nephritis in rats. (Wein- 

veb, Soules, and Wissler: March-April) 

Studies on the adrenal zona glomerulosa of hypertensive patients 

and rats, with special reference to the effect of dietary salt restric- 

tion. (Peschel and Race: May-June) 

Studies on the toxicity of typhus rickettsiae. II. Pathologic find- 

ings in white rats and white mice. (Parker and Neva: March-April) 

——The concentration, distribution, and excretion of radio-ethionine 
(S35) in the. . . on stock and protein-depleted diets—determined by 
radioactivity counting and radioautography. (Fitzgerald, Hellman, 
Weinstein, and Schimmel: May-June) . 

——The effects of repeated small doses of ethionine on the pancreas, the 
growth, and the serum level of methionine of rats. (Benson and 
Young: May-June) 

Relation of the renal lesions to the cerebral lesions in the tuberous scle- 
rosis complex. (Inglis: July-August) .. 

Relationship of the weight of the heart and the circumference of the 
coronary arteries to myocardial infarction and myocardial failure. 
(Milles and Dalessandro: January-February) . 

Renal disease in hyperparathyroidism. and M aclagan: 
vember-December) 


Repair—Suppression of cortisone effect on ... in the presence of local 
bacterial infection. (Lattes, Martin, and Ragan: September-Oc- 
tober) . 

of amyloid under experimental conditions. Richter: “March- 
April 

Retina—Tuberous sclerosis and splenomegaly with focal accumulations 
of storage cells, with associated tumors of the . . . and nodular gly- 


cogenic tumors of the heart. (Young, Young, weep and 
Brody: May-June) 

Rhabdomyosarcoma—The comparative pathology of... witha report 
of a case ina dog. (Worley and Gorham: July-August) 

Rheumatic fever-like lesions in the guinea-pig: correlation of patho- 
genic, anaphylactogenic, and chemical] pro;:erties of certain muco- 
polysaccharides of Klebsiella pneumoniae type B27. (Jones, Carter, 
and Rankin: May-June) . 

Rickettsia—Studies on the toxicity ‘of typhus rickettsiae. II. Patho- 
logic findings in white rats and white mice. (Parker and Neva: 
March-April) ‘ 

Role of the mast cell in the reaction to injury. (Benditt: May-June) . 
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